BASF Akti engesel | schaft AE20050466/rs PF 0000057340/rs PCT-Text "as
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5 The present i'nvention relates to a process for purifying a gas mxture GO
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whi ch conprises dinitrogen nonoxi de and i s obtainable by such a process as
an oxidizing agent for ol efi nECTYRx{FR obigially #dd~di scl oses vari ous
preparation processes for dinitroREVPPROOKEEI144t is |ikew se known that

di ni trogen npnoxi e cap.beggéed, for exanple, as an oxidizing agent for

ol efins. For! JOREFINCISOI2E D8Y 25698 di scl oses a process for preparing

di nitrogen nonoxide 15 by catalytic partial oxidation of NH3 with oxygen.
According to MD.QﬁéZSGQS, a catalyst conposed of manganese oxi de, bismuth
oxi de and al OMHFHHPBxi de is used, which | eads to dinitrogen nonoxide with
high selectivity. A simlar catalyst systemis also described in detail in

a scientificestud Nosko t . chem Enge J. .91 (2003) 235-2 . US
5,840,257 | | Riyeret! S0eBlat rsles tocdc s o fou Rwiines N MERBTo s Honoxi de
by oxi dat i oncefiprimimgdingtrogEhenoncxads, iand t¢ dicegsepdfax purified bas mixteewhiehof a
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di ni trogen rr%‘ﬁﬁo@? sggd@%&égﬁ%@glcﬁyﬁdﬁggﬂtig:’fnﬁgl%;@gsg&sﬁéer ?%g% %:Sonar?\p%%l@lg{ﬁl NOx and
ammoni a. 25 ageat txiotkdinson of an ol efinic compound to an al dehyde or a ketone
by neans of dinitrogen nonoxide is described, for exanple, in GB 649, 680 or
t he equivalent US 2,636,898. Both docunments quite generally disclose that
t he oxi dHt i oRh¢pmor ait diselpsesivisrieuppreparpiden procpsses fos ditiagancmondxide. duist abl e

oxi dati on CAERIWSL -kndn! ikt "Bhfrob S GAGALREA ML w3 | ok CeaffplES ad-anPanOV et
al ., "Non-Catalytic Liqui Phas Al

t

Oxi dat1 on of kenes with Nitrous Oxide.
1. Oxi dati onowdizaygcagsneiorplefing  Cycl ohexanone”, React. Kinet. Catal. Lett.
Vol . 76, No. 2 (2002) p. 401-405, and K. A Dubkov et al., "Non-Catalytic

Li qui d Phase_Oxj dati on_ of Al ksgles W th . . .
For instance, WO 98/25698 discloses a process for preparing dinitrogen monoxide

15 by catalytic partial oxidation of NH; with oxygen. According to WO 98/25698, a
catalyst composed of manganese oxide, bismuth oxide and aluminum oxide is
used, which leads to dinitrogen monoxide with high selectivity. A similar catalyst
system is also described in detail in a scientific study (Noskov et al., Chem. Eng. J.
91 (2003) 235-242). US 5,849,257 likewise discloses a process for preparing

20  dinitrogen monoxide by oxidation of ammonia. The oxidation takes place in the

presence of a copper-manganese oxide catalyst.

In the process disclosed in WO 00/01654, dinitrogen monoxide is prepared by
reducing a gas stream comprising NOy and ammonia.

25
The oxidation of an olefinic compound to an aldehyde or a ketone by means of
dinitrogen monoxide is described, for example, in GB 649,680 or the equivalent
US 2,636,898. Both documents quite generally disclose that the oxidation can in
principle be effected in the presence of a suitable oxidation catalyst.

30

The more recent scientific articles of G. L. Panov et al., “Non-Catalytic Liquid
Phase Oxidation of Alkenes with Nitrous Oxide. 1. Oxidation of Cyclohexene to
Cyclohexanone”, React. Kinet. Catal. Lett. Vol. 76, No. 2 (2002) p. 401-405, and
K. A. Dubkov et al., “Non-Catalytic Liquid Phase Oxidation of Alkenes with
35 Nitrous Oxide. 2. Oxidation of Cyclopentene to Cyclopentanone”, React. Kinet.
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35 Nitrous Oxide. 2. Oxidation of Cycl opentene to Cycl opentanone”, React.
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Ni trous Oxide to Carbonyl Conpounds" bysE. V. Starokon et al. in Adv.
Synth. Catal. 2004, 346, 268 - 274 also includes a 5 nechanistic study of

the oxidation qf al kenes_with dinitrogen noxide.in_the [|iquid phase. The

synthesi s ofCalr beftyVOborboinad PR Bi RSHals Jikewise: deeehbsy oRCbR Pl | s

3\!0 solgeg g /r 6 ?%311%@3&%?@1&% with &ﬁﬂ@égeﬁrtfﬁbnmdeem s@a&iﬂ&a’gbmﬁ,iqﬁarpha@%t a]pce,
.dis es a process for preparin rbonyl . ¢ s from

aliphatic al delionp ﬁ%ﬁ?ﬁtwﬁbiﬁ%ﬁq%%fw Faepandh, LOmpuds” Y i el out - at

terrpe\r/%t ug /ebs;:a;srm;zﬁ feg_al.alngeldfv.r Syurk0 aa@alsaom,aﬂ%,pnwsu?% d¥o fiichided. H1 to 100

atm .di sgl oses a corres i ng process for prepari.n

cycl ohexanofBechaIEtG a@ﬁ& cﬁ&ﬁMXl%@Pﬁfggagg?ne Q@fﬂ? énﬂg?gﬁﬁ‘e@c’ %’68‘?@“ &P‘:Om 4to5

car bon at ondigaidephasepar ed. 15 According to WO 03/078375, cyclic ketones are

prepared under these process conditions fromcyclic al kenes having from?7

to 20 carbon atonms. WD 03/078371 discloses a process for preparing

subst i t ut ed TRetsynthesif rod reashobgk cdmpahda [fioan alkenes\With 4iGiG0Zat7 mdnexideoses a
process for agtl I = enas_with_ dinlirog ] | 0 give
t he correspc?;lsg)i ﬁ%gcgg?(gé%y%{égnpq%%%{ lég hggvﬁlhtr? |Hél’3 (lsr%he#c?))fr Hgtgﬂ&éel (rjll\lﬁtdr ogen
monoxi dd0i s 0361783 FMh disclosek a rpredess éordureparingt carbanyl icemippinaisi Semkaliphatie hat '

of f gas stre%lmae | &I | 0itr n l.de - . e er
reactions. ni ?éf)%n rmng% %&Pgﬁgb?@?g%{lgrglsgﬁﬂﬂgcggg?%egnﬁ)gfah%?%%ct in
vari ous cherthermingpfroned®ies3S086 madipadskyres of Brndb@ i tnk0itmh W 0B/0083% d and 25
there very ' WA | i

Cycl ohexanol i ses EBirteplli Bt R pe bl O o O

di ni trogen MBAYRRES ryclishketopesd haywiag afiowindely re dabpnpplgmsc area PEcparee.

oxi dat i qn ofa&¥rdifs eslewerenersans/ eycliccuabﬂ&og_%gﬁ@ﬁéreavimeﬁ tHeké Grégekd to give
dodecanedi car bg_xyl 'ﬁ- aci d _ar;ﬂ(the parti al ox& at i)on of NH3 tg NO, 30
conditions from cyclic alkenes having trom 7 to 20 carbon atoms. WO 03/078371
discloses a process for preparing substituted ketones from substituted alkenes.
WO 04/000777 discloses a process for reacting di- and polyalkenes with dinitrogen
monoxide to give the corresponding carbonyl compounds. The purification of

20  dinitrogen monoxide is not mentioned in these documents.

It is likewise known that offgas streams comprising dinitrogen monoxide can be
used for further reactions. Dinitrogen monoxide is obtained as an undesired by-
product in various chemical processes, especially in oxidations with nitric acid and

25  there very particularly in the oxidation of cyclohexanone and/or cyclohexanol to
adipic acid. Other examples of processes in which dinitrogen monoxide is obtained
as an undesired by-product are the oxidation of cyclododecanone and/or
cyclododecanol with nitric acid to give dodecanedicarboxylic acid and the partial
oxidation of NH; to NO.

30
For instance, WO 2005/030690, WO 2005/030689 and WO 2004/096745 disclose
processes for oxidizing olefins with dinitrogen monoxide, specifically the
oxidation of cyclododecatriene, of cyclododecene and of cyclopentene. All three
applications disclose that, in addition to other dinitrogen monoxide sources, it is

35 also possible to use offgas streams which can be purified, for example, by
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For i nstance, WD 2005/ 030690, WO 2005/ 030689 and WD 2004/ 096745 di scl ose
-processes for oxidizing olefins with dinitrogen nonoxide, specifically the
oxi dation of cyclododecatriene, of cyclododecene and of cyclopentene. All
three applipgakFoetidigesdiRamft Nat . ARESYusé/AN 10 Ot hepy ggUOSNSMers Monoxi de
sources, it is 35 alsO possible to use of fgas streans which can be purified,
for exarrpl e, by BO05/0466 BASF Aktiengegel | schaft AE20050466/rs PF
0000057340/ rs -3 distillative nmethods before they are used as oxi di zi ng
agents. Both the(gg)ﬂ%cpdg %1 of di nltro Ign.rmnoxi de and in the use of
of fgas st r eafistilatiys g BEIrR gy iafR Ysedep 9XIding 8N e gaseous mi xture with
ot her conponents These 5 conponents can be divided into those which have a
di sruptive f or s | i cations.and.th evvhl beh ve |nertly
For e ae aRoBandhe PregialocT bRk nonRaf B L ARt lreBS Rt e Mo
or, for exanp}@ijs abtyigehinifidlly aser dilutdGastpus mtumdatlrsmbedcommcmlantscﬁrmext of
the present | j ref [lea?lgP e 1, Scpk: 2 and b
|s a nunb%gr Owopeo %ﬁt?r&% b%e(ﬁglge# %ﬁ%éﬂoa@% the I{[er mf%ﬁﬁfq\ldp%u?% he term
"nitrogen oxapplisatiang aadsﬂmosaseldch behdve merﬁye&mr 1@& asha cpm@smgtagentn‘gml on.
Pt SERHIR RN Botle N\ BN Ay BROaRE GerfeindEy, PO

specific app I ons I'S necessar i ni trogen nohoxi de
used bef or eastungerstapetin de comgaxt of thepiresent ipventing, Lﬂsf@rsdﬁ alfi compewnle NaPpnoxi de

as an 15 OX'@hﬁU&gisqg&”i and b it 8 EERE ARV 1 406! m\ym%srn%a\s;t&%ﬂﬂdary

conponents suc en_or ni trogen oxi Processes renovi n

NO, are ¥howNPn' ghe ﬁ%mm“elufqg@mqm@prlﬁ (%150al=1$ed m they pemtextsof gheyprgserior

exanpl e, by My IHH e RHIptRle-se@dndafy ddrrBRBAYs AlsEREIGdONAY bAd ofhficBlids] on, 20
2000, E ectron?c Ilzldi tion, éﬁaﬁtg{y NII{@I CSACSI d, N trogs Agl d, cand Ni t rogen

Oxi des", Section 1.4.2.3. The application WO 00/ 73202 descri bes a nmet hod as
to how NQ am @%cfﬁ@raﬂ@ﬁcatmmnqﬂ nf:édéﬁﬁrﬁlﬂo et @initioden Gasnokidec@d@ The NO,
is renoved cat yt|c 25_reduction_w nd .oxygen by catal ytic
reducti on vvl%/fﬁc off@rtiggr Batheramplen, &9 ealj@nf’g ﬁé%blmonpmcg fefhod has
t he di sam/anéﬁgﬁuigr@tentt ltds peoRsliaet tol 18moee disarptivakadndary toidpdners Richilas

depl etion of o .for e o nore than 90% of the original anmount,
i s possible %’fﬁ%g 0561?8’?3%%0 is accepted, for

Processes for removing NOy are known in principle from the prior art. A review is
given, for example, by M. Thiemann et. al in Ullmann’s Encyclopedia, 6th Edition,

20 2000, Electronic Edition, Chapter “Nitric Acid, Nitrous Acid, and Nitrogen
Oxides”, Section 1.4.2.3.

The application WO 00/73202 describes a method as to how NOx and O; can be
removed from an N»O-containing gas stream. The NO, is removed by catalytic
25  reduction with NH; and oxygen by catalytic reduction with hydrogen or other
reducing agents. However, this method has the disadvantage that the product is
contaminated with NH;. A high depletion of oxygen, for example to more than
90% of the original amount, is possible only when a loss of N>O is accepted, for
example of from 3 to 5% of the amount originally present.
30
For specific applications, it may be necessary also to remove the inert compounds,
since they can slow the desired reaction with N,O by dilution. The term “inert
gas”, as used in the context of the present invention, refers to a gas which behaves
inertly with regard to the reaction of N>O with an olefin, i.e. reacts under the
35 conditions of the reaction of olefins with N,O neither with the olefins nor with
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exérrpl e of from3 to 5% of the anmount originally present. 30 For specific
.applications, it may be necessary also to renove the inert conpounds, si nce
they can slow the desired reaction with N20 by dilution. The term"inert

gas”, as usegAlP AltfenzestiStiafP’ T NARIGBOBS6/HNVENT i ON,PE GHGDOST340/R 9as Wwhi ch
behaves inertly wthregard to the reaction of N20 with an olefin, i.e.
reacts under the 35 conditions of the r.gaction of olefins with N20 neither
with the olefins nor with B05/0466 BASF Akti engesel |l schaft AE20050466/rs PF
0000057340/ r -4 N20. Ln ases inclyde, for, ex l.e, nitro car bon

di oxi de, carﬁ%gr Inem §g3eg dne U4Fy ICFQ‘QWPP Ca PHESCT {3 g}?g tﬁ?ﬂ?ﬁo g“%‘}t‘%epane

However, t hehydaegeh, @g@ﬁsmahmd ethaftie aﬁmopa&ce}otmm Yhedhetrt gSe(es t:inatov&r

depletion ¢ | i kewi se b nt 0 ver

advant ageougﬁmp%ﬁwg?%ylgledg ﬁ?ﬁt ?gﬁ y%?%ﬂv% ipq be %%P‘iaé%"éls ﬁg‘fy ver5 gases
and t hen canmbye likewde deradesritygeons ao 6btah1kmgasrma¢bneanh1cﬁ)§t1]2‘¢oﬁ@n§e&71nédt

di scl ose yi i nitrogen nonoxide,

wherein ﬁjltr a&%flé@)r}zﬂé canﬁ‘qeﬁisgggﬁrg W%%F%&nqd. oxi de and water are
initially removed and the gas m xture i's subsequently Iiquefied by

conpr essi on f 0 0 r cqol F?]%cg From
this |iquef |]2g 2]7%2 i@%fl dlgao%g)nlf?agxéﬂglﬁb%o |& §Cf01f en dmg%éﬂlt hough
this nethod m@mm@sﬂwel@@ﬂmgemmdﬁnnamemdmm ¢i§bﬁ)lbd10€ﬁdetﬂ@d WEer argt s
econom cal | ylnﬂfm&tréﬁﬁ d’&hcpﬁﬂb bxtubd R shﬁ%'cih&ﬁﬁ: lﬁi&ﬁe@%‘?%ﬁ{ ?esé@ﬂ tQaf) the

| ow t enper at ur es assocj ate CcOoS

4,177, 648 di Bemod §°a3 rh%é%'é ‘?Q?ﬂmgéﬁtﬁ?lﬁg dp %r%g Wﬂﬂrdh’éx]il% Pﬁi(ﬁ?ﬁoffgas

streams whi Cﬁlﬂﬂnlée&lnﬁﬁ)g%ﬁ MRéncXede B tHér?Péiﬁé\fetiCMthQﬁglﬁﬂﬁis mictiRW dcarmes gt ure
distillation. @elglg%]q\catlon EP Né | i kewi se descri bes, a net hod
2

for renovi FRPCFRERIOR:G ége it RFZ?FOBW‘F‘ES‘J\‘/Yt”é‘ﬁWéF%Y%‘P‘@mg to

di stillati onthe2fxquiped, BEP, H8urd 366 baxF0 (Bl Jokntenyferdu8 7(-887C)aks® Mescl ose
processes for cp éh‘élvh % I.ni trogen nmonoxide, in which a | ow tenperature
di stillati ond$eIRR [fePL  arried out in a special plant.

15
US 4,177,645 discloses a process for removing dinitrogen monoxide from offgas
streams which likewise comprises a prepurification and a low temperature
distillation. The application EP 1 076 217 Al likewise describes a method for
removing low-boiling impurities from N>O by low temperature distillation.

20

US 6,505,482, US 6,370,911 and US 6,387,161 also disclose processes for
purifying dinitrogen monoxide, in which a low temperature distillation is in each

case carried out in a special plant.

25  However, as a result of the high pressures and low temperatures, a low temperature
distillation entails high apparatus demands, which make the purification of the
dinitrogen monoxide with such a process inconvenient and costly. Particularly
troublesome in this context is the fact that the melting point of N,O at standard
pressure is only 3 K below the boiling point. It is therefore necessary to employ

30  high pressures.

DT 20 40 219 discloses a preparation process for dinitrogen monoxide, wherein the
dinitrogen monoxide obtained is concentrated and purified after the synthesis.
According to DT 20 40 219, dinitrogen monoxide is prepared initially by oxidizing
35 ammonia. The dinitrogen monoxide prepared is purified by separating the oxidized
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25'However, as a result of the high pressures and | ow tenperatures, a | ow
.tenperature distillation entails high apparatus denands, which make the
purification of the dinitrogen nonoxide with such a process inconveni ent

and costly. RaskiQueabbskisdiatiid! esH®20030464/5 cont ext ProivesTsMist hat the
melting point of N20 at standard pressure 1s only 3 K below the boiling

point. It is therefore necessary to enplsay 30 high pressures. DT 20 40 219
di scl oses a preparation process for dinitrogen nonoxi de, wherein the

di ni trogen nonoxi de obtai ned,is,concentrated. and purified after the

aynt hes s, EREGUTE GROSHaRe B SHEPTBGN i et e TS TP A BE¢ e
initially bydesuiptiozi wgleBSreduoednpessufd e Sekonidanyo gempomentsx iacte remepal; efdri S
purified by separating the hdized.. 10466 BASF . Ak ?Is t
AE20050a66! 1SR DBy TaTE it e a8y Bl Aleilil 10 FRAEE. I o1
under hi gh pused asithe solveniclor ite dbedrptiowe df thy gas mietswr pt i on under reduced
pressure.. Secondary conponents are renoved, for exanple, by treatnment with

an al kal i” solution. According to DT 20 40 219, water is used as the sol vent
for the absditps ponsibdf withehe amocaisxdiselesedsnIRT 28 40348 ithIsepamate ithe didfepandcess

di sl osed | o fie? b5 0 (PRRS BHEILBE il bf B imotld EPYRTRARRS . UL

t he process en use ‘arge anounts l'vent  and/ or

pressures f digh peessseviopthesrbsomtiag oving tecthe sompparativahe low sawbidis obNt@t y of
N20 in watef.wAQ DE 10 2004 046167.8 discloses a process for purifying a
gas m xture conprising dinitrogen nonoxide, which conprises at |east one
absorpti](?n of the gas mxture in an organic solvent and subsequent

desor ption obEtine2@as04s 8.8 d@scldsesm ek @8R Huri@Vid@ Rl gas IRkMRO LompAsing! SO t he
adj ust ment of. the content, of nitrogen ox

des In. 15 e gas.mxture to at
nost 0. 5% bylipHIogRRmMoReWde.oRhich comprises %lﬁﬁﬂ@@e@bsqra%org%étge BSIDUTE B 10
2004 046167. 4 algaficHob@hoaed stitvequenh defirPEds 6 ﬂﬁy%amﬁmm-ae&cﬁn thé Wdehi ty of
absorption and desor

tion, steps. 10 2004 046167. 8 .di scl oses |y organic
2ol vent s as. DREIS5ORFH Fuh AR HusEea O Br CGneRLA BRPEHIROR SCkn; ¢ vas
an obj eclt5 oftht hpas prietmenio atmient(. 398 Yyovglume ibdsedaon the total volume of the gas
mixture. DE 10 2004 046167.8 also discloses that the process may comprise a
plurality of absorption and desorption steps. DE 10 2004 046167.8 discloses only

organic solvents as the absorption medium.

20 Starting from this prior art, it was an object of the present invention to provide a
safe process with which dinitrogen monoxide-containing streams can be purified
and concentrated in an effective and inexpensive manner. Dinitrogen monoxide
purified in this way 1s required in particular as an oxidizing agent.

25 It was a further object of the present invention to provide processes for preparing
gas mixtures which can be used as an oxidizing agent without further treatment or
addition of other inertizing agents.

According to the invention, this object is achieved by a process for purifying a gas
30 mixture G-0 comprising dinitrogen monoxide, at least comprising the following
steps:

Al  absorption of the gas mixture G-0 in an organic solvent

A2 desorption of a gas mixture G-1 from the laden organic solvent
35 Bl absorption of the gas mixture G-1 in water
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safe process with which dinitrogen nonoxi de-containing streans can be
.purified and concentrated in an effective and i nexpensive nmanner.
Dinitrogen nonoxide purified in this way is required in particular as an
oxi di zi ng aggASF AMicnzestfSciafi Ur t NXEZINSO466/Af t he pr qaego000syR4B/ison to
provi de processes for preparing gas mxtures which can be used as an
oxi di zing agent without further treatnegt- or addition of other inertizing
agents. According to the invention, this object is achieved by a process for

nts. the i nver hi s obj ect by apr
Compr 1 Sing-the. 1 it ow orGeapta B Rl a2 e BeTRRR G (ture 6 0 in an

organi ¢ solvent A2 desorption of a gas mxture G 1 fromthe | aden organic

solvent 35 [ 0 ' e. - 11N e %/ 4 ASF

Akt i engesel I@%%W%%Sggtﬁég}%g ag%ﬁg%é%g%wg?lﬂ%dn 1_séﬁgg2fn eso%op {i%gt%gof a gas
m xture G 2 tioublsbime domwmentat snme Of ¢headhesincergporshitst dre giscovamaevedcdoedi ng to
the inventi ofluiidelahonbBaBIRUIRED 1O dchfrdahde? YKES RIS GOIRARCH Sthusore Of
the inert conponénts are alsO renoved. e dinitrogen nonoxi de purified

i n accor dancemwtaneously cpmgeairatedn i s thus sinul taneously concentr at ed.
According to the invention, the gas m xture G 1 has a higher content of

di nitrogen nonoxide than the gas m xture G O. According to the invention,
the gas ni xtdee@rding ithe ipyentiopnths #as mirpgr! asr kighergontsnhet diseagenonoxi de
than the gasmpholitd thafethe cAOHRAURY G-0. EccBFRRE &5 tHRCAPEHIoRT tHeOgds NRixhip¥ent i on

has the agdvantage that, .in the second absorption, i.e. at a higher content
of i 1 t 1o gelt 24816501 e 2 Bigheb Fonett g QU sce BRIk R e £5¢ FRSUEG s ¢ he
contacting of dinitrogen nonoxide as a strong 15 oxidi zing agent in high

concentrati wth an organic splvent, which uld lead to.,a hi | evel of
appar at us deM@HIYeL m%%sscm’ .mgl'ﬁ%tl?en\?é'ﬁ?tf%mﬁﬁsg‘ec?ﬁvﬁﬁfl%‘?% It R{E sol vent

in the seccﬁruicahﬁmsptﬁti@ﬁ,iaéagt%dﬁghetg&dmtioﬁdﬁﬁmﬁgeﬁ!m@ﬁﬂé&zyaﬁdﬁiﬁ@ﬂfabI y
prevents the,ga xture. qLr ecoml n ont.am nated w .t or nic
Solvent,  whiEHUPRL it aFejdt by wamtagint pf ciiftgeets mipexids s e Srong

15 oxidizing agent in high concentrations with an organic solvent, which would lead

to a high level of apparatus demands and high costs. The inventive use of water as
the solvent in the second absorption and desorption in step B1 and B2 additionally
prevents the gas mixture G-2 from becoming contaminated with organic solvent,
which would lead to further purification steps.

20
The use of a two-stage absorption/desorption with an organic solvent in step Al
and A2 and water in step B1 and B2 has the advantage, in particular, that the first
stage utilizes the high solubility of N>O in organic solvents in order to achieve high
concentration factors with smaller apparatus and lower circulation. After the first

25  absorption/desorption, the gas mixture G-1 already has an N,O concentration
which makes it advantageous to use water as the solvent in the
absorption/desorption for safety reasons. In spite of this, the higher N>O
concentration in the second stage enables the use of smaller apparatus.

30 Dinitrogen monoxide purified in this way can be used advantageously as the
oxidizing agent especially in liquid form. Advantageously, the gas mixture G-2
may also comprise carbon dioxide in addition to dinitrogen monoxide. CO; has an
inertizing action and ensures safe operation in the course of preparation and
especially in the course of storage and further use of the gas mixture G-2

35  comprising dinitrogen monoxide. It has been found that, in the presence of CO- as
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The use of a t wo- st age absorption/desorption with an organic solvent in step
Al and A2 and water in step Bl and B2 has the advantage, in particular,
that the first stage utilizes the high solubility of N20 in organic

sol vents in PASPAKIRnBERIISHASN 9N  AAVRSOddertsi ON f act PFspoBDS73dps! er
apparatus and | ower circulation. After the first 25 absorption/desorption,

the gas mxture G 1 already has an N20-gancentration which makes it
advant ageous to use water as the solvent in the absorption/desorption for
safety reasons. In spite of this, the. hilgggr. N20 concencﬁ#latj olg in the

aF 85

second st ageehEH a8 17 §as FUXUEF OmprsHe SPTpansey 16 BB hoxi de
purified in diftinstipaymatian aeunisest eaban dagédeusdeyreqseirdd e sopgreliszthagegent
especially in liquid for Advant.ageousl Lh as_mxture G al so
conpri se cardrg’S?{nﬁ?S %nd%nfq%{méd’ i I?‘%ﬁg?%%aﬁ?ﬁlﬁ?‘ ?&%ﬁ’ %?‘%é‘?’ﬂ%‘?ts &ég q‘;:%e an

i nertizing aoffidentdmdnemigaticss saf e operation in the course of preparation
and especially in the course of storage and further use of the gas m xture

G 2 35 conprising dinitrogen nonoxide. It has been found that, in the
presence of AScRrding tBUB/i04EBIOBALE gak mishge Sel cewhrsing ABLTOSIUBONedPF

0000057340/ nged ink qlpp}ilq&fﬂte SHAS frbf olfcgt ures conprising N20 in conparison
to other inert gasSes, distinctly smaller anmounts of carbon dioxide are

required to suppress the sel f- deconposition tendency of dinitrogen

monoxi de.  ThryR, effiBldas ARHAES hekiltBerd B a flikiubed bE Wvo IR mbREEIhFRIION. 5
According to the invention, the gas m xture GO caonprjsing dinitrogen

monoxi dé¥ usERichale Mthsygaseqys) Late @b AmbicnPassyure Andcanbigpetemperatrga At nj xt ur e
herein ref erstefed Rmperdhittt rofitetdiOpREsui®) e GANRAARE makOalbibepragedt iim t he
gaseous state at anb:e(ﬁ.nt r%’rge sure ﬁnqijﬁgmet tﬁ rature. At' altered

t enper at ur e BPIST flafeR] MALSIOF EXarppg » ARG el 19 S P23 PUXBEE i n
anot her st atif tief comedxt of thefppesesviavgitenl i quid, and is still referred to as a
gas mxture in the context of the present invention. 15 When a gas m xture
GO0 is used, its content of dinitrogen nonoxide is substantially arbitrary,
as | ong las iWhersa gammxtareddOtibhaseds hecomters of dindétrgpeninormaxideds sutstandaaldy bl e. The

N20- cont ai ni i GaS ookl Yk s W GMeR hat B8 ShvaR WPSuiaslibh & Gdplor thi's

The N,O-containing gas mixtures which are used as gas mixture G-0 for this
process generally have an N>O content between 2 and 80% by volume of N,O. It

20  also comprises, for example, from 2 to 21% by volume of O, and up to 30% by
volume of NOy as undesired components. In addition, it may also comprise varying
amounts of N», Hy, CO,, CO, H,0O, NHj; traces of nitric acid and organic
compounds may also be present.

25 In the context of the present invention, the composition of the gas mixtures or of
the liquefied gas mixtures is specified in % by volume. The data relate to the
composition of the gas mixtures at ambient pressure and ambient temperature.

In a preferred embodiment of the process according to the invention, a gas mixture

30  G-0 comprising at least 3% by volume of dinitrogen monoxide is used, but
preference is given in turn to using mixtures having a dinitrogen monoxide content
in the range from 4 to 60% by volume, more preferably in the range from 5 to 25%
by volume and especially preferably in the range from 8 to 14% by volume.

35 In principle, the composition of the mixtures may be determined in the context of
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process generally have an N20 content between 2 and 80% by vol une of N20. It
.20 al so conprises, for exanple, from2 to 21% by volune of 02 and up to 30%
by vol une of NOx as undesired conponents. In addition, it may al so conprise
varying anoBARF Altiddgesetscha@02, CQAE20000466/%5 traces RE 0000057340es d and
organi ¢ conmpounds may al so be present. 25 In the context of the present
I nvention, the conposition of the gas m8xtures or of the liquefied gas
m xtures is specified in %by volunme. The data relate to the conposition of

the gas m Xtt;ﬂE?ﬁ esBlt iRVENEA in B %&&'kﬁ?@ﬁﬁ]ﬁ&% s?c![ﬁedtlﬁrﬂ?e%@tﬂ{e%o )PVE!-st’ioHre‘c erred

enbodi nent process acc e 1 nvention, 30 GO
conpri si ng aef th@amms%ulgy la/dﬂt@xmnqdfmdhmmm@g@f thmmsan@lmestlmmferﬁﬂy

prefer ence iy ghy Efroliidgtihy! HoWEBO i toyum&baaaéte;lﬂn&ddw daRYBE (Ipnoxi de

cont ent |nt range to 60% by volume, nore preferably in the range
from5 to 25RFCRAcORY. ARePesitoseanyetibyl wef che wicel wBthods.n the range from 8 to
14% by vgl unme. 35 In principle, the conposition of the mxtures may be
determ ned in the context of, B05/ 0466 BASF Aktiengesel | schaft AE20050466/rs
PF 000005734 /@spre%m%éﬂ&om PR tArEEY ADYERJORa Fhe R nMDEUEE @8 skil | ed

in :het ar}g K JdeprisaiEd Bmiittdgef T@ﬁoxﬁdﬁlfaﬁleﬁtﬁiﬂérdaﬁlﬂo't‘geﬂgh&fdﬂdt%nltdinﬁ‘l ﬁb
context o invention prefera as.chronm wever,
¢y al so. Sl ARSRGORGEN LS SR oL et SaE HgNIRASH eSS opy o1
by wet chem @gabodiemeds. wisich rat aea@f aiz@mitﬁsgeﬁrrbmhméomnm@eofﬁgaeeseaf a

I nventi o t he lﬂ‘yﬁgf xture ElC%O risi g]gpdl ni tdro en rmnomg s% a@ | east
one di ni tr og¥he ¥ cHh gﬁs 510 YW qﬁegdpo%(pg essd"FHe scope
of the pr esembnamcbmblembodhnmtenbwhmhat lmbonb dinittzen movdtixide-aintdigiagt t wo

00N oD SARYRLP N8 Pl Tufles i R Bl o BB BRI Aot e 928

m xture conpri ogen monoxl race ments in
whi ch at | easft abrh@Stjlonc tushen plaoh ogivdeas gt ganimnyturp fogmsisiog dimgrqgeant and
at | east onepfyrt:her dinitrogen nonoxide-containing offgas of at |east one
further 1pSI ant serve as the gas mxture conprising dinitrogen nonoxide. 15

Accordingly, the present invention also relates to a process as described above,
wherein the gas mixture comprising dinitrogen monoxide is at least one dinitrogen
monoxide-containing offgas of at least one industrial process.

20  The term “gas mixture comprising dinitrogen monoxide” refers in the context of
the present invention both to embodiments in which the offgas mentioned is
subjected to the inventive purification process in unmodified form and to
embodiments in which at least one of the offgases mentioned is subjected to a
modification.

25
The term “modification™ as used in this context within the scope of the present
invention refers to any suitable process by which the chemical composition of a
gas mixture 1s altered. Accordingly, the term “modification” comprises, inter alia,
embodiments in which a dinitrogen monoxide-containing offgas is concentrated

30 with regard to the dinitrogen monoxide content in at least one suitable process.
Preference is given to not subjecting the offgas to any modification.

In a further embodiment, the chemical composition of an offgas may also be

altered by adding pure dinitrogen monoxide to the offgas.
35
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Accordingly, the present invention also relates to a process as descri bed
.above, wherein the gas m xture conprising dinitrogen nonoxide is at |east
one dinitrogen nonoxi de-containing offgas of at |east one industrial

process. 20 gRSFAditithgeRAschaki Ur € AEIVOSG46Wrsdi Ni t 1 OOPF GUDDOSTIMR/rsr €f ers in
the context of the present I nvention both to enbodi nents in which the

of fgas nentioned is subjected to the Lpuentive purification process in
unnodi fied formand to enbodiments in which at |east one of the offgases

mentioned is.sub ectedt nodi f i 25 The ter nodi fication”

used in this EofSe®X W\Ttet °?W“§B%B§%fwr}t’%lspt‘ ewy%%vae‘ﬁ% efners to
any suitabl &fﬁgasﬁessmbmdukmahpmh@sch@mfemblmapmﬁbm amofffaseof agplantnfiokt ure is
e SREAA henok D LGy BRALOEBE B0l OGRS Syl ALEL oIy

enbodi nent s |rP n nonoxrde-con I S concentrated
30 with reganxdmtptc frome attladlptcr ajdor dndsomede:admmyhmamd plaat, ftoemﬁte affgas ofii t abl e

process. ;Lﬁﬁg%@ uﬂg%tgtv}{ﬁﬁ Js8s A1d Ba%ah0 BN the

nodi fi cat i on enbogl ent the %dﬁem ca conpositi’on of an of fgas

may al so be offgas @fedpleyt fachegapiat @xuiahom b dEh: apiioxi the t)fe?gasrfef a)t)iagas 35
505/ 0466 BASEiBK L&RGCBRIRERAY ferROOROARERS o RRNPANRIABNGR plact The 025

m xture G 0O conprising IS use of f gas
froman industrial process. It preferably stens from an offgas of a pl ant

for prepariAgosBhPROME hﬁveﬁﬁbﬁjﬁt 1Q)élsﬁ>ﬁogﬁBIEQGuﬁ a ﬁtﬁﬁt&%ﬁhﬁ&dﬁ%ﬁ%@é with
nitric acid, for ‘exanple froman adipic acid or dodecanedi carboxylic acid

pl ant, ftoomthe offgas of 5 a nitric acid plant which uses the above offgas

streans as dnr gagban reféltametrtbeduﬁrﬁg@tsmf ﬁﬁbs@ﬁtaﬁi\reﬁl@dn t e ﬁatetar,tabn@m dation
of NH3 or fr mtheo&gas of agwg ffwhlc S mx es gener at ed
n8§

therein, forYBXQgH & pSfems 1pig pHE PlaBention, it
is al so pos dedb@ne&cmbexﬂlmd plagt, of hydird:fydaraine pbetrﬁgﬁ&/es a nit#Q alcfd planmr e

el e TR o BB R B M e S g0 S0 o0

15  plant, of a dodecanedicarboxylic acid plant or of a hydroxylamine plant.

In a preferred embodiment, the offgas stream of an adipic acid plant is used, in
which generally from 0.8 to 1.0 mol of N;O is formed per mole of adipic acid
formed by oxidation of cyclohexanol/cyclohexanone mixtures with nitric acid. As

20  described, for example, in A. K. Uriarte et al., Stud. Surf. Sci. Catal. 130 (2000) p.
743-748, the offgases of adipic acid plants also comprise different concentrations
of further constituents including nitrogen, oxygen, carbon dioxide, carbon
monoxide, nitrogen oxides, water and volatile organic compounds.

25 The abovementioned dodecanedicarboxylic acid plant is substantially of an
identical plant type.

An example of a typical composition of an offgas of an adipic acid plant or of a
dodecanedicarboxylic acid plant is reproduced in the following table:

30
Component Concentrations / % by wt.
NOy 19 - 25
N>O 20-28
N 30-40
) 7-10
CO, 2-3
H,O ~7
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dodecanedicarboxylic acid plant, a hydroxylam ne plant and/or a nitric acid
-plant, the latter in turn preferably being operated with at |east one
of fgas of an adipic acid 15 plant, of a dodecanedi carboxylic acid plant or

of a hydr oxyBARFektingadellsétinfe pr efAX20030¢96¢adi nent , tHROGI0§AS40%Esr eam of an
adipic acid plant is used, in which generally from0.8 to 1.0 nol of N20 is
formed per nole of adipic acid forned-by-oxidation of

cycl ohexanol / cycl ohexanone m xtures with nitric acid. As 20 described, for

exanmple, in rd e o rfe. ' : p.
743-748, the Of &Tg%asgesg@o Oa. | %ﬁcp lgﬁﬂﬁrg%}s&é @?eg%n%frc?}sngéﬁ‘g? éelragé\)%h
concent r at i omay befsetl dinenidy lrx:tgnmqopsseawgrdmg:mhﬁ myentiae ogen, oxygen, carbon
di oxi de, carbon nonoxide, nitrogen oxides, water and volatile organic
conmpounds. 25 The abovenenti oned dodecanedi carboxylic acid plant is

subst ant i al | § alikexyise prgtemred embogdiraent, thy péfgassireanmeln pitrg acid plast isased

conposi tison WQhicRNs ¥&d @y of lpﬁﬂlﬁﬁﬁtﬁhﬁ*fg%‘ééﬁc&h{jﬁﬁﬁin difdfrogen monoxide and
dodecanedi carboxyli ¢ a?é‘g pfant is reproduyced.in the follow ng table: 30
Conponent CoHEeRy aidesfeom othacp pragesses. \pppyah nitricacigpplanis, nitrogen qgidesare 40 02

7-10 O 2-@somtdPand forBRSHREBrBARIAK ienaaslid, SoIRf dinkioaOPRAGRIES PF
0000057340/ rs -10 The %If as stream of an @dl E":‘C acj dLE;l fg{ibor.of a
dodecanedi car B8kSAnVETte Far prammple. sigh amitrigasy! Ripntdray be supplipd by pifEagen

accor di ng t oodiths wihivie atel @reparéb@ séledtieicombpsteines i eainemb add be pifgaiR@fof f gas
streamaf, a nitri.c acj | ant, i.S ed 5 Leh is.f fully. or partly with
of f gas egloc onft “l“éPlﬁ gfckﬂ ﬂf&&' fﬂ'@%ﬁ %ﬁi@?ﬁ%ogﬁgogﬁﬁ?dé%eﬁoxgﬁf &%@ORIF'gtnito'ls her
processes. |eguallyipossitile ite swplyl spehamngric acidrmaersobly e offenees efdmoadigid and f or
t he nost parf .. e 0. Rl LI i i Rl nonoxi de is not
converted. F%crl&gl%tr%ﬁtdgog bguog%agésnoffta?@gg%ag%@c%ﬁ%’?ﬁlﬁnaﬁ;@@g&éuppl i ed by nitrogen

The offgases of such nitric acid plants always comprise varying concentrations of

15 still further constituents including nitrogen, oxygen, carbon dioxide, carbon
monoxide, nitrogen oxides, water and volatile organic compounds.

An example of a typical composition of an offgas of such a nitric acid plant is
reproduced in the following table:

20
Component Concentrations / % by wt.
NO, <0.1
N,O 4-36
N, 57-86
0, 3-9
CO, 1-4
H,O ~0.6

The offgas stream of a nitric acid plant may be used directly in the process

according to the invention.

25 In a likewise preferred embodiment of the process according to the invention, the
offgas stream of a hydroxylamine plant is used, in which, for example, ammonia is
initially oxidized with air or oxygen to give NO, and small amounts of dinitrogen
monoxide are formed as a by-product. The NO is subsequently hydrogenated with

B05/0466



oxi des which are prepared by sel ective conbustion of ammonia and by of f gases
-of 10 an adi pic acid plant and/or by offgases of a dodecanedi carboxylic acid
plant. It is equally possible to supply such a nitric acid plant solely by
of f gases of BASEdiKtiemgesellschaft ant 2AK20050W66/ef f gases EF 8000057340/rs
dodecanedi carboxylic acid plant. The offgases of such nitric acid plants

al ways conprise varying concentrations-bf- 15 still further constituents

i ncl udi ng nitrogen, oxygen, carbon dioxide, carbon nonoxide, nitrogen

oxi des, wat ey @il Vg] Bt Iy ARG Rlife. CORBO WfiRogcA mBKGRBL & Borfubthl !
conposition of an offgas @f such a nitric acid plant 1s reproduced in the
fol | owi ng t apidgegenatiary gprritions, abaeamylates dpgthe ydpgen circuoln prefemredpo 4- 36

N2 57 - 86 [Bdceds Yersidn, the purddBeald & al RfirOk 18R me AR aBhidisés dinitfdgenaci d
pl ant may be used.,djrectly In% t he pr}{q}i ss .according to _the invention. 25 In
a likew se pPRepndetn GagaracHiEsm bt | é%dr WS I BYEP & ioPYBE SitFAf@nt i on,

the offgas mhy aRMued & Bydh Gy tiRMenteaplrificatiefed id BqillyCpessitae texanpl e,
amonia is initially oxidized with.air or oxygen to gjve , .and smal |
amounts of AORFEMEBorMISHER dB ArRiRe Ranid $1t), feganh 1§ he THBIgEsT s
subsequent | ymbyskidgeonmdreds dedclbedBitmv8466 BASF Akti engesel | schaft
AE20050466/rs PF 0000057340/rs -11 hydrogen to give hydroxylam ne. Since

di nitrogen nonoxide is inert under the hydrogenation conditions, it
accunul at es Accardiaglyy theopeesent iinantibn also piaéseto &proqesoes described iaboes, t he

, | : , o4 . h
Fange 1 rism o gy B O BT oRaid iR ABToHhF e Bffes FRACKESE ' U ca®
as such for adwplantanyonel pdeddcincatidagroxylic acid Bapiandior pdediydraxylamine
concentrate HibhSJidr R difticPacid blaAPbferTRANGh WeldtdaE SR alfhid BGa Pidhy t ' 09en

and/or of a dodecanedicarboxylic acid plant and/or of a hydroxylamine plant.

15 It is equally possible in the context of the process according to the invention to
selectively prepare dinitrogen monoxide for use in the process. Preference is given
inter alia to the preparation via the thermal decomposition of NH4NO;, as
described, for example, in US 3,656,899, whose contents on this subject are
incorporated by reference fully into the context of the present application,

20  Preference is likewise further given to the preparation via the catalytic oxidation of
ammonia, as described, for example, in US 5,849,257 or in WO 98/25698, whose
contents on this subject are incorporated by reference fully into the context of the
present application.

25 The gas mixture G-2 obtained by the purification process according to the
invention comprises at least 50% by volume of N;O, more preferably at least 60%
by volume of N>O and most preferably at least 75% by volume of N>O. The gas
mixture G-2 comprises typically up to 99% by volume of N,O, in particular up to
97% by volume of N>O, for example up to 96% by volume of N;O, up to 95% by

30  volume of N>O, up to 94% by volume of N,O, up to 93% by volume of N>O, up to
92% by volume of N,O, up to 91% by volume of N»O, up to 0% by volume of
N,O or even up to 85% by volume of N,O.

At the same time, the gas mixture G-2 comprises less than 1% by volume of O, in
35 particular less than 0.5% by volume of O, less than 0.5% by volume of NO, and
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nonoxi de content as descri bed above. Accordingly, the present invention also
.relates to a process as described above, 10 wherein the gas m xture

conpri sing dinitrogen nonoxide is the offgas of an adipic acid plant and/or
of a deePafB%&lSFM(bi@ﬁ%’ésleﬂscﬁﬁftd pl aREB0S466/RT 2 hydr pRiedodsB40asant and/ or
of anitric acid plant operated with the offgas of an adipic acid plant

and/ or of a dodecanedi carboxylic acid jplzant and/or of a hydroxyl am ne pl ant.
15 1t is equally possible in the context of the process according to the

i nvention tg?sémelgt le m}g%]emﬁe di ni trogen nonoxi de for use in the

process. fer alia to the preparation via the thernal
deconposi tion of NH4NCB as described, for exanple, in US 3,656,899, whose
contents on [ S e r he
contents on il GuSYBNERL o oniliER ROIAL A tan Gl SHANSE bbb e
to the pr epan\aanilom cvmarlsdseﬁcuatSatloy&W/o:bwpljmq ofhCOb, malmmqﬁembl)aﬁommu bed,
for exangl e,jgb ﬁnﬁ% 32698+ et 6PES, 0N this

subj ect arellgr{{:‘%rporate y re ere ce ?ﬁfyl y%?nt%%%gsfcvont ext OF) the present

application. 25 The gas m xture G 2 obtained by the purification process

accordi ng t g\dcBRling fbVﬁEtlﬁ\%uGﬂrEHé E\E@Ss %Bndeﬁﬁﬁ&d%?% 1%t yé?édﬁ% a9§orb%h nor e
preferably at | eas 0% fgr vol ume of N20, and nost preferabl | east 75%

by vol ume” ofofR&E mﬁm@ugw AP ewegdozth%wﬂqrmsw@lmre@ﬁm;ﬁ iSOth 9yt by
vol ume of N3ghm it '\Eh%rrhixﬁu'le&} -0UR at@ua%% i Sl Ve aﬁﬂ shBquérBideSorpfigh € up to

96% by val u 95% 30 vol une of 4% vol une of
N20, ﬁo g’%@‘@eo%ﬁsx%r‘ Go fir e#&e’fléo V@%@@B&?Pfu t%v&ﬁl OEfS%%O 91% by
V<2)I0ume 01;1 N2Re idperitiondGhie bgasvﬁhm @-1 E%thm’rb&ilﬁﬁ StﬁptB18§)% byﬁmwnel of
N20 At the sane a Xt CO0 I | ess than 1 y vol une
of 02, i 3ententpe, it Myl dn 1k aSivioh, By SRR L ohe B G %, 506 by
vol ume of NG@btaumsl in BO&rOatE6 viBthShe Aktentmgesel | schaft AE20050466/ rs PF
0000057340/rs -12- less than 1% by volunme of NH3. The gas mi xture G2

obtai ned by the purification process according to the invention conprises
from5 tI6 2@BMitbhlevsollvemts &fr BSabsomptien pnesier A gref those Gvhich h&vel 8%eltgr vol une

of CO2 and "Bifbilky ef£ ald) yanﬁr&g}'egaﬂlf,? &&)‘yw YOl TP c8fnpg?élt than for the

undesired components of the entering reactant gas G-0.

According to the invention, the organic solvents used may be any solvents in

20 which the ratio between N,O solubility (in mol/mol of solvent) and the solubility
of the undesired secondary components under the conditions prevailing in the
absorber (this ratio is referred to hereinbelow as v) is at least 5. This ratio may be
determined for each individual component present in the gas mixture. Preferred
organic solvents have, for example at 30°C, a yo; value of from 6 to 30, preferably

25 from 9 to 25, and a yny value of greater than 10, preferably of greater than 15, in
particular of greater than 20.

Examples of suitable solvents are, for example, aliphatic hydrocarbons, preferably

having at least 5 carbon atoms, more preferably having at least 8 carbon atoms,
30  substituted or unsubstituted aromatic hydrocarbons, esters, ethers, amides,

lactones, lactams, nitriles, alkyl halides, olefins or mixtures of these solvents.

According to the invention, very particular preference is given to solvents which
have a boiling point at standard pressure of at least 100°C, since this reduces the
35  solvent losses both in the offgas stream of the absorber and of the desorber.
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According to the invention, the N20is concentrated by a first selective
-absorption of N20 and thus preferably, owing to the sim/lar physical
properties, also of CO2 fromthe gas mxture GO in a suitable organic

sol vent and BARFetkttohigestlisetiafi | on JEZ0S0866/gaS i Xt UrRF @BOD0ST3H0/Eshe | aden
solvent in step Al and step A2. According to the invention, the gas m xture
G 1l is absorbed in step Bl for a furthet3-concentration in water. In the
desorption in step B2, the gas mxture G2 is obtained in accordance with
the invention. 15 Suitable solvents for the absorption in step Al are those
whi ch have a better solubility for N2O and preferably also CO2 as inert
conponent t hHaradflisiont mvemm@ét@bféeu acemgance meith the invieptiem smmltngemleb[dtaant gas

G 0. Accordi S t t y

ol vents i n & SRSt Miie “elﬁ‘ﬁg%%@ﬁ SPIRDF SRS BY fiecntd:

sol vent) andbetheensbe igrtial pyessge of NbQuinadisiges ahasscod dbe wc&@rﬁf@n@ﬁ% ofinder the
condi tions PRAY# {Herlﬂqxﬁd‘ hdie (Héﬂ%foo@ﬁTclétﬁ NS08, qte' q shﬁllr»%l&rrh%stfphl h

her ei nbel ow as y east 5. "This ratio nma determ ned for each

i ndi vi dual ciﬂ‘%ﬂbe\@ @w@ geh m0ﬁ0>51r4% iy the sﬁl\mnﬁus Patior foF AR @AYt sol vent s

Pawze,S fordestgallﬁ | prticHle, 1nath%0€rs’t/%{ eato$0i féfér@bl Olcss?ﬂﬁheﬂ{m' mﬁé fr1 gm 9
0 and a al ue at er. gr ea, an in
particul ar o?regf%l & S'tt %Ht]rﬁyegr ?ra@éielle QBV%P?“&P%"E?S&

exanpl e, aI i thlwat @ hydrocar bons preferably having at |east 5 carbon atons,
nore pr rably having at | east 8 carbon atons, 30 substituted or

unsubstl ut ed aromati c hydrocarbons, esters, ethers, am des, | actones,

| act ans, ni tBuitabk, salviewts hmluddeN-meﬂ'gfﬁymlidonaqi dimetleyd forfhamines edisethidnt s.

According to nve ve tic r ef to solvents
whi ch have 3 ?;zp g‘g} Bg)(qg?e ati:_é &%E?zr dﬂgfoeasltks%ﬂr eﬁt‘ﬁ iﬁ*gﬁtﬁgjﬁc z. nce

t hi s r educescychpentase. farticatar prefercpee Iscgiven in thdeondéxt espreseahinyentidng

absor ber egor. B A I E20050466/ r s
e 000005348 1 £ablE ° R Bkne, 8%‘0%‘?%5”?? dihloRIRaRe SERRl el RO
i nventi ok S|¢ﬁﬂmpé¢1e@usﬂeyh1h@a1®a® gbutugo| abi Isetuyatédr hyidnecanborgen havingxi de.
The sol ubili SRGF e the partial pressure of
N20 in the glgréd%lﬁhlgse a;éjbiﬁﬁ%mr‘r%) arar{)dfra%g%r ty?Eﬁt\“{El?ﬂ:{) N20 in the |iquid phase
(Henry coefficient, HN20), i.e. a small value nmeans a high

In a preferred embodiment, the present invention therefore relates to a process for

purifying a gas mixture comprising dinitrogen monoxide as described above,
20  wherein the organic solvent is selected from the group consisting of toluene,
nitrobenzene, 1,2-dichlorobenzene, tetradecane and dimethyl phthalate.

In the context of the present invention, the gas mixture G-1 has, for example, a
content of N2O of from 50 to 80% by volume, preferably from 55 to 75% by

25  volume, in particular from 58 to 70% by volume, more preferably, for example,
59% by volume, 60% by volume, 61% by volume, 62% by volume, 63% by
volume, 64% by volume, 65% by volume, 66% by volume, 67% by volume, 68%
by volume or 69% by volume.

30 The gas mixture G-1 has, for example, a content of CO; of from 5 to 15% by
volume, preferably of from 6 to 12% by volume, more preferably, for example, 7%
by volume, 9% by volume, 10% by volume or 11% by volume. At the same time,
the gas mixture G-1 has, for example, a content of O of from 1.0 to 3.0% by
volume, preferably of from 1.5 to 2.5% by volume, more preferably, for example,

35 1.1% by volume, 1.2% by volume, 1.3% by volume, 1.4% by volume, 1.5% by
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sorubility of dinitrogen nonoxide in the solvent. This ratio for an organic
.solvent used in particular in the first step at 30Cis preferably |less than
1000, nore preferably less than 750, particularly preferably |ess than 500,

in particul BASFXkticngasellddiafe 10 SWEXMS04667svent s i nE@ROE0057340/rs

N- net hyl pyrrol i done, dinethylformam de, dinethyl sulfoxide, propylene
carbonate, sulfolane, N, N-dinethylacetamde or cyclopentane. Particul ar
preference is given in the context of the present invention, for exanple,

to tol uene, bepze gl ze t a fhmeexanmpl e a
t echni cal - grag‘%g F?‘ﬁr@?’g?l%ggef ﬂr-g)tﬂe ﬁagﬂl T%l%kg Jﬁ)g_\ill-ﬁé; £5% %}Ql;,m nant | y 14
car bon at ons2.0%rky dilweehd.l Yoby melumee?. 2/nbanhJ@ieer2r3é@ berv@bmwm’z 4% he present

e RASHEIR o 0 Sy g o 0,408y g

conpri sing di ni trogen nonoxi de as erein the organic
sol vent is s<e°|Mntm@rferabbsmﬁromeZ@rte&é%cbﬁs‘r%mnﬁgandf alsq fdhes compopeshefs ene,

L 2-di chlsor gl adRcRIeNaAtedUaR! it sfioh aledlofn r%)h@mg Beeqat ext of

the present invention, the as mxture G 1 has, exa cont ent of
N20 of from@@‘“ﬁé%@@@%‘lﬁ/’@ o byrelumeap| y from 55 to 75% by 25 volume, in
particular from58 to 70% by voI ume, nore preferably, for exanple, 59% by

vol unme, 60% VO 1% by vol.u 62% h olu 63% vol 64% b

vol une, 65%@l ‘?R)Hjﬁ‘ﬁ E%@ SQFpi SOB’?‘%‘B é- G‘S%’Iéy B’ﬁﬁt or 69%
by vol ugreb Waﬁﬂ%a@&ﬁhf@h?&dllécg:ﬁyjfof\gﬁe cbgpommzobﬁgdaemiaﬂptdmﬁm@@f of L Irom
5 to 15%.,y volu refera to %) vply e erably,
for exar#])g)l meggx1 %Eaggl‘ifﬁleo }}lxﬁ% SAGo R q&ﬁ‘g‘ogtp ioT]la} pr gol ume.

At the same dmmmgen tﬂmogﬂs imiwatew nESﬁﬁiIneham adhiﬁVeefua]rmloencemtmnom eWhteof 02 of
froml.Oto % fer f fr %_h vqu nor e
preferably, or ngen Zlayg%‘ fﬁ‘ffp ?/ e 55/<Pﬁessurgllﬂnt§ ylirSoI une,

1. 4% by vol wmpemraﬁéﬁ)damtrogesma@ﬁdBASFsaﬁéty pm’aj;mebd:cmchm‘tﬁleéﬁﬁé)ﬁﬁ&élﬁﬁ/ rs PF

010 gl TN YA oL AR e

vol unme oid 2. wqgldyrecessﬂate additional punﬁcatlon steps

In the context of the present invention, the gas mixture G-2 has, for example, a

content of N>O of from 70 to 95% by volume, preferably of from 75 to 90% by

volume, in particular of from 80 to 85% by volume, more preferably, for exampile,
20  81% by volume, 82% by volume, 83% by volume or 84% by volume.

The gas mixture G-2 has, for example, a content of CO; of from 1 to 20% by
volume, preferably of from 5 to 15% by volume, more preferably, for example, 6%
by volume, 7% by volume, §% by volume, 9% by volume, 10% by volume, 11%

25 by volume, 12% by volume, 13% by volume or 14% by volume. At the same time,
the gas mixture G-2 has, for example, a content of Oy of from 0.01 to 5.0% by
volume, preferably of from 0.1 to 2.5% by volume, more preferably, for example,
from 0.2 to 1.0% by volume. In addition, the gas mixture G-2 may comprise from
0.1 to 10% by volume of Nj, preferably from 0.5 to 5% by volume, and also

30  further components, for example nitrogen oxides or solvent residues. The sum of
the components of the gas mixture G-2 adds up to 100% by volume.

The absorption in step Al or Bl of the process according to the invention can in

principle be effected by all processes known to those skilled in the art. In
35  particular, the absorption of N,O in the solvent can be brought about by increasing
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volume. In addition, the gas mxture G1 may conprise from20 to 40% by
-volunme of N2, preferably from20 to 35% by volune, and al so further
conponents, for 5 exanple nitrogen oxides or solvent residues. The sum of
t he conponengASPiAkthmgeafischifit ur e AF30050466/t t 0 100%BIOFO00OETIHrsl N St ep
131 and B2, an absorption/desorption is effected with water as the sol vent.
Water has a high selectivity for the conmponents desired, especially

di nitrogen 10 nonoxi de and car bon di oxide. At the sanme tine, the absolute

solubility i ﬁ!% further
concentrati gt%e ﬁ%&é%@g{é} t 58%@?@?{“% iHe %MAJ Q)tfﬂtl Soqgé\%ﬁyg%der
pressure in ammndmmfeth@meammtmeédndhmmm@@@iﬁ gsmtj@plmtlcsaf ety
probl ems occ \ HEan sthe gas mxture G2
with an or ga#?%ené qr%/telﬁ%é%gﬁd %)olccur ﬁ'?td%gb%h ?fglnvg;clesm tate additional
purification steps. In the cont ext of the present invention, the gas m xture

G 2 has, 4 Or]fnei%@%bgpgoj[ﬁothﬁg%; ﬁﬁimf/k{) is y?é?er‘aﬁlgfﬁi@iml; Qor?-; regéff’ ?ﬁf ei(élh 8o

preferabl y O rom particu to 85% by
vol ume, nor e preasues ebfrgm 10dp 3 ﬁ)amﬂr@“era booafz By t‘aépb%prﬁm \fmrnme 83%

by vol urme OVI@beSJBarVShbHEEuenTﬁet}%a@o irédstd %a@nﬂxthfé’sbs Préfera8kaRbfhedat coONt ent
of CO2 of from1l to ZO%ﬁ%gaéu me prefgrabl of frompb to 15% by vol une,

nmor e pref er aPISPIEFHIC 1B 28 )6‘1“591% her iy watsy In ¢ , 8% by volune, 9%
by vol une, 10% by volunme, 11% 25 by vol une, 12% by vol une, 13% by voI urre or
14% by vg| une. t he same t] t he gas G 2. has, for
content B 1 08 rettered fmBoB et oEme oy Bgn D Esion. hisFiore FS foot PrileReR 1t o

. 5% by vol uprecessmas deqeribéd abdley whemin theaipdsere infthe abdrRidnoinA D% By ivol une.
In addi tion,. the %rﬁfd:{n Elgrte/%Z may conprise from 0.1 to 10% by vol une of
N2, preferabi®y? o 1182 B ol ume, and al so 30 further conponents, for
exarrpl e nitrogen oxides or solvent residues. The sumof the corrponents of
t he gas m xt . vol S D slep Al or
131 of the p%i{:’)c(;%éés%gg 5‘2@’%?8‘&%61% ? %@0 t10é1 n]tnl%gﬁ’ ca%ﬁ‘l1 gti‘ iy ﬁ%\éé‘?cp P Be21 f ect ed
by all pkioce@bsmsbérsommwhich targasélqgid phasel interfadeds generated, b}emewrmﬁ whichr, the
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equipped wi mterna.l or external devices for heat supply and/or heat removal.

The phases can be conducted in the absorber in cocurrent, in countercurrent or a
20  combination thereof.

According to the invention, the absorption can be carried out in one or more stages,

preferably in one stage. In the absorption, the absorber used is preferably a device

with a plurality of theoretical plates, in particular from 2 to 8 theoretical plates,
25  more preferably from 3 to 6.

Possible embodiments of the absorber are columns having trays, for example
bubble-cap trays or sieve trays, columns having structured internals, for example
structured packings, columns having unstructured internals, for example random
30  packings, or apparatus in which the liquid phase is present in dispersed form, for

example by spraying in nozzles, or a combination thereof.

The desorption of N>O from the laden solvent in step A2 or B2 of the process
according to the invention may be brought about by pressure reduction via the
35  solvent, temperature increase of the solvent or by stripping with solvent vapor or a
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the pressure of the reactant gas or by |lowering the tenperature of the
.solvent or by a conbination of the neasures nentioned. In the context of
the present application, solvents are understood to nmean both water and
or gani ¢ sol VRASF Altien@edellSchalfs Or pt IAXR0050466AS N Xt ur @R G00B0OSTRI0ARI v
initially conpressed, for exanple to a pressure of from10 to 35 bar,
preferably of from15 to 30 bar, prefersply of from 16 to 25 bar.
Subsequently, the conpressed gas m xture is preferably absorbed at this
pressure in ni vent in step Al or in water in step Bl1. 10 A
preferred eﬁ%@gﬁ%gﬁPl%?a?%e present invention therefore relates to a
purification process as described above, wherein the pressure in the

absor pti on 1-heNendindBhn/ifle advied (HANMRA'fof [1RBclOrpliBn 3P NIB o G6QILAY Lo the

i nvention, t absorption I'n_ste evi ces

(absor bers) solvenhiand the gensiuciieuptithetphasesi anceanilegeus to Gesreolthedbseperreans of
whi ch  heat and,fase u!ngenﬁé %sgqh%ﬁ]eh%a@ﬁ@ﬁ&gqﬂge SRS @’.Eﬁgra%,(:h’ i f
required, are equipped wth internal or extern devi ces_ for  heat Supply

and/ or heat theghayhichrieat prbmiass transiep beiovsgn tha Rhasesis enebleds aad mdwch age
cocurrent, i&QuepEatierédHil8 it inidmalOr eQRRial dhipMehh Braintar sdipadiieg to the

i nvention, the absorption can be carried out in one or nore ‘stages,
preferably i Bpapieaay ge. In the absorption, the absorber used is preferably
a device wth a plurality of theoretical plates, in particular from2 to 8
theoretical plates, 25 nore .preferably from3 to 6. Possible enbodi nents of
t he_absdlber RegtuTe toiihe TRisaHR e Fsorbrigh Takeh b cartiod S8 ta- gk, Of FHYS o

si eve trays,stgggbums having structured internals, for exanple structured
packi ngs, colums having unstructured internals, for exanple random 30
packi ngs, or apparatus in which the |liquid phase is present in dispersed
form for ehanibleenyodimerty ofitheidesorbarzdre s singple éflashrbésseltand coluerseof . The
desorption of N20 fromthe | aden solvent in step A2 or B2 of the process
according to the invention nmay be brought about by pressure reduction via
the 35 ISol vamreferredentadimenti oic theapresant invemtion|inewbichrthéabsarpiigpiang wi t h

Sob ot ssap sty BOARR ISR 6P ebbo IO 5o
column. In this column, the absorption and desorption are operated in
countercurrent in several stages by temperature change, combined with a stripping
with solvent vapor. In this context, an apparatus combination of absorption and

20  desorption can be effected both in Al and A2, and in B1 and B2, especially in a

dividing wall column.

In a preferred embodiment, the present invention therefore relates to a process as
described above, wherein steps Al and A2, or steps Bl and B2, or steps Al and A2
25  and steps Bl and B2 are carried out in a dividing wall column.

In a particularly preferred embodiment of the invention, in step Al, the gas mixture
G-0 comprising N,O is initially absorbed under elevated pressure papso in an
absorption column operated in countercurrent and having random packing, and
30 transferred in step A2 into a vessel in which the N>O-laden solvent is
decompressed to a lower pressure paeso < Pabso- 1he process is preferably operated
virtually isothermally with a temperature differential between absorption and
desorption temperature of not more than 20K, preferably not more than 15K, in
particular not more than 10K. The absorption pressure is from 1 to 100 bar,
35  preferably from 5 to 65 bar, in particular from 10 to 40 bar, preferably from 10 to
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The demands on the devices (desorbers) for the desorption of N20 fromthe
.laden solvent, and the conduction of the phases, are anal ogous to those of
the absorber, 5 i.e. suitable units are those in which a gas-liquid phase

interface | BASPHAkileRGesellthafian WhiAKDODSEIceARD MaSS t PANGEINEDSIBIONREN t he
phases is enabl ed, and which are equipped if required with internal or

external equi pnent for heat supply and/igr- heat renoval. 10 According to the
i nvention, the desorption nmay be carried out in one or nore stages.

Corurms. 15 R o e e HEREI 10 e L BrRterhb RO ATSRG T Th ¢ ne
The.dhvi S?ngﬁd a“dmgwmgf“?gﬁzﬁﬁ“m “The abeor pLi on and dosor ot on are
| n o prsfeRbi i e 2 B o

operated in stages by tenperature change,
conbined with a stripping wth sol vent vapor In this context, an apparatus

CO”b' nat ison ﬁ%fe%%@&i&%s@%&’veﬁ?ﬁ%ﬁrﬂ ?‘Ebé%?mﬁ% fﬂgegfg m‘?ﬂIka y Al _and

A2, and in n"a |ng wa n a preferred
embodi ment, under fic@@@hprqswe m@m arhébsemtm qodimn epetatedainpropotessreest

descri bed a% vfgg%ﬁa&nﬁgagﬁ AndoPthsfrin®1 i3 RRBBIBNEEl iRfwRbEPS A

and A2 25 an s Bl a are carri ed out colum. In
a particul arthgle@éﬁ@ﬂr‘é%tefeﬁﬁbﬁﬁ’Wﬁﬁsedﬁo g heweTrresstreofeso irPast- dfie Aroceshe gas

nixture G Gs SRR NGARA phiicl! AL IQRRRalp dRimelS ahBetaftkesSUr &
pabso |n an SOr tl on col urm op é@at ed I h countercurrent and avil ng random

packi ng, andilg@feﬂﬁladﬁ@f‘@eflé’@s?lﬁ“% desorpiioy tamperatige of RoLmPENthamd0KR0- | aden
solvent is [ieferbB ﬁ§t5§16ret thaft 150WEH fRHAKEH ROt PAGE Ghan RORS Thd RBsdpAGESS 1S

preferably er at ed i sot.her t.enperature differenti al
bet ween absdg‘ﬁﬁ"@rfs ngEP (5%2@# %?rr Brefera rTZ'JF"é%értB 6gfbaﬁdfl pl“fﬁ’rcl-:-‘I é@
p[)ef erably ntl@]tbaj‘ppﬁfdrﬁtﬂ? fAdmiK,101t6 3 5pisutt m@uﬂ prefaraiily rfﬁ)"mt; l'ﬁhfarBol af, ﬁﬂ:ﬂxer o
asorptlon pre e.ls fro refera ro 65 bar, in
particul ar %fsﬂaﬁ)v frgmap g?d mp?%% %‘?Jiefcf%?ﬁ’il@nﬂ’{)e "Bé g]é Ag
Akt i engdsel |mefemibly ARATOSRABS bars nitire PROGANY Ik i 9 to-117bazs> bar, nore
preferably from15 to 30 bar, further preferably fromabout 16 to 25

In a further embodiment, the process according to the invention may further

comprise a step C, wherein the content of nitrogen oxides in the gas mixture is

adjusted to at most 0.5% by volume based on the total volume of the gas mixture.

20
The present invention therefore also relates to a process as described above, which
additionally comprises the step of

C adjusting the content of nitrogen oxides NO, in the gas mixture to at
25 most 0.5% by volume based on the total volume of the gas mixture.

In the context of the present invention, step C may be carried out before or after
steps Al, A2, Bl and B2. In one embodiment, the present invention therefore
relates to a process as described above, wherein steps Al, A2, Bl and B2 are

30 carried out before step C. In an alternative embodiment, the present invention
relates to a process as described above, wherein step C is performed before steps
Al, A2, Bl and B2.

When step C is carned out before steps Al, A2, Bl and B2, the NOy content is
35 adjusted in the gas mixture G-0.
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bar, and the desorption pressure fromO0.1 to 2 bar, preferably fromO0.5 to
.1.5 bar, nore preferably from1.0 to 1.2 bar. 5 Preference is |ikew se
given, in step 131, to first absorbing the gas m xture G1 under elevated

pressure pabgRSFAlaRngBseNiéiafon COIARID0ZPS66HLd | N COPR GO0VOSTRMW/rs and
havi ng random packi ng, and transferring it in step B2 into a vessel in which

the N20-1aden water is deconpressed to-g8lower pressure Pd m < pabso The
process is preferably |ikew se operated virtually isothermally with a
tenperature 10 differential between absorption and desorption tenperature of
not nore than 20K, preferably not nore than 15K, in particular not nore

t han 10K. THha thisseas@tthegas priesse el is ther absofption 1091 peaferaplydiasrambNyOf r om 5

to 65 bar, i ' 4 | -35 bar,
nore prefer a@ﬁ‘g‘*{ﬁ? ?g%‘dk@ﬁ%ﬁgg@ ]g}g?f%)lﬁpﬁf‘ B Wgﬁablgﬁréfﬁ{eoﬁlggﬁﬁﬁoﬁ/éié?é%&ﬁ&ég to 25
bar, and t hepatieadarpof nmpBdesif®e Hyr voludie]l mage Préfarably, fbr pxashpleaBloybyrom 0. 5
to 1.5 bar, r 130 a rﬁlh@c; gbog), ment

t he procgss ‘@%@?’gﬁé%gégélﬁ%é’ilﬁ\%h 98&&%?4’% f‘;%llrl&e’c%)%’rl sehéllﬁs’t epﬁJ C,

wher ei n t he ovaleme, b hy Vol 1 6% yewlime phé7Gay wolumeire is  adjusted to at

nost 0.5% by vol unme based on the total volume of the gas m xture. 20 The
present invention therefore also relates to a process as descri bed above,

whi ch addi t Thmans misrm hes dor epamplee s emtant ) GO iodgireme0.& dat BAYe by

ni trogen OXi‘ﬂﬂﬁmB!%refeFabtlﬁgf g8 054 Y9Eby oltne %r@pﬁrerm?%&ymelzm based
on the total volume of the gas m xture.. In.the context of the Egresent

i nventi o) seprlemgadt Bie semertiness thrugasyaigie hes: far example asgantent of R of g1 and
B2. In one efbadi nBNi0%t e BheseE Nprefefatdi tdfoffomher &f 915¢; bge{z@lhﬁ‘fé, tnfbrd process
as descri bed apo;rﬁ, n%/\/nerel n S}L‘R%B'S Al , ,, Bl and S% are carried out
before step RBCIFAPIYnion sxaPRls fiom 0619 volume. Moreayet, the &8 P | at es
t f) a processmag cdmpﬁ\%] Befh a@oweswmwelumeﬁéiém,cpgét;erw ffenmed tib%% By st epsoI
A, A2, Bl and 132. en. s Cis C ' out bef or teps Al, A2, Bl an
52! the NG, BOMPErRoRdOisReRG e A0 % R vgtinenad e Tt combptsiise masr
Akt i engekel | foe brdrhplAneipe 4hles or RitvEed 0eEhiE3 A0 may-bkGresent, for example,

in an amount of from 0 to 0.1% by volume, preferably from 0.0001 to 0.01% by

volume, more preferably from 0.0005 to 0.05% by volume. The sum of the

components of the gas mixture adds up to 100% by volume.

20  After the first absorption/desorption in Al and A2 and before the second
absorption/desorption in B1 and B2, the gas mixture preferably has an N,O content
of from 40 to 80% by volume, preferably of from 50 to 75% by volume, in
particular of from 55 to 70% by volume, more preferably, for example, 56% by
volume, 57% by volume, 58% by volume, 59% by volume, 60% by volume, 61%

25 by volume, 62% by volume, 63% by volume, 64% by volume, 65% by volume,
66% by volume, 67% by volume, 68% by volume or 69% by volume.

The gas mixture has, for example, a content of CO; of from 1 to 15% by volume,
preferably of from 2 to 10% by volume, more preferably from 7 to 9% by volume.
30 At the same time, the gas mixture has, for example, a content of O; of from 0.5 to
7.5% by volume, preferably of from 1 to 5% by volume, more preferably, for
example, from 2.5 to 3.5% by volume. Moreover, the gas mixture may comprise
from 5 to 40% by volume of N,, preferably from 10 to 35% by volume, more
preferably from 20 to 30% by volume, and also further components, for example

35  nitrogen oxides or solvent residues. NOy may be present, for example, in an
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In this case, the gas mxture GO in the absorption in Al preferably has an
.N20 content of from4 to 25% by volune, preferably of from6 to 20% by
volune, in particular of from8 to 18% by volunme, nore preferably, for
exanpl e, 9%pxsy M&héﬁlgeseua&@fby VOl A¥TR0050466/By VoI ue . PEEG0RS7Y4/ESTE, 13% by
vol ume, 14% by volunme, 15% by vol une, 16% by vol une or 17% by vol unme. The
gas m xture has, for exanple, a contenti@f CO2 of fromO0.1 to 7.5% by

vol une, preferably of fromO0.5 to 5%by vol une, nore preferably froml to

(2:oﬁt/oe néL 00113 yo%r?‘l%}fm P F F’ - i‘%br}%bt 'l@%‘e h%r%?)éfr&nﬁﬁ@ﬁotf’ﬁ? ]U}I‘h%§ Vf’ 5% bs

vol ume, nor ernomrm'ékra’bﬂ)jr frondt 0100@5(&1@10&% Hyr m‘luﬁeDTh&)smﬁ/wlﬁyhmdmpmenwmf eover,
the gas m xt i 95% by volunme of N2, preferably
o MRS L3 (0T Qo

from60 to 9 vol une re pre y from70 to 85% by vol une, and
al so further conponents, 15 for exanple nitrogen oxides or solvent residues.

NO, Pri | ,
b et orably 3 a8 s SXGHRbGdsso PG T4l 197, e B Bratdrerprb il 10, TP
0. 05% by vol hasan NeRkcantgnt of frome60 @c%p%hbﬁ@lyn@f prefezalyfsof ﬁ'pmm@ Webyup to
100% by vol %man?ahﬁfm&rrb?fif ) t@@%rb?ztdo%ﬁ?%ﬁ%%ggﬂﬁb 13!‘ &t exaffhi2 and

before the second “absorption/desorption’in B gas m xture

preferably hiedy m@@oﬂﬂ‘é’nﬂoy ilume.o A§%40bY yoBmoe, b@%ch)’uﬁ%lunﬁr 8% BBl y of

from 50 to 7afedy, S'P%LHSEvolhﬂme s@%t byf%ﬁﬁneof%%f sveRurh® shﬁﬁz%@yvd{ﬁher& nor e
preferably, for exanpl €, une, 57% by  vol umé, 58% by vol une, 59%

by vol un¥, 6OV By VO : 61% 25 by vol une, 62% by vol ume, 63% by vol une,
64% by vol unme, 65% by vol ume, 66% by vol une, 67% by vol unme, 68% by vol une

or 69% by volune. The xture has, for of from
1to 105% by Wlxnﬂgg’ﬁ%r}]abffwleﬂ Wﬂt@ttog&g)/effﬁpr@d @W&%r‘@%‘?"ef erably

from7 to 9%iefersdy Wigrom 30t0AI5% e EAiRe! nbk: ieh’&alﬂ?sfrdﬂlﬁtﬂllt(ﬁm@% b or
exanpl e, a content prefe f from1l

f. 02 of .from0.5 to %
Lo 5% by vol YiHMendt theysare, iy fhe aaarfmstilﬁ Hor ERRS: 8 R0BeS! S50 ol U,
Mor eoverls t hﬁoma(iomtutlti% byayolumeplpreferablfyr o fromi 0.140% %ybw oblue, @iﬁorblz
preferably fra 0% f er ail fro 20 to. %
vol une, and B erﬁ%r@ﬁ%?@@épﬁ mrgtogug/eg% r?g 3@ r&“"nga&%fla‘
sol vent resisagsomNdse frayn B4 tor K&y, vdlame @fa\fﬁppmfemhlyaﬁnomsmd%by
volume, more preferably from 1 to 2.5% by volume, and also further components,

for example nitrogen oxides or solvent residues. NOx may be present, for example,

20 in an amount of from 0 to 0.1% by volume, preferably from 0.0001 to 0.01% by
volume, more preferably from 0.0005 to 0.05% by volume. The sum of the
components of the gas mixture adds up to 100% by volume.

When step C is carried out after steps Al, A2, Bl and B2, the gas mixture G-2 is
25  treated.

After the second absorption/desorption in B1 and B2, and subsequent step C, the
gas mixture preferably has an N;O content of from 60 to 95% by volume,
preferably of from 70 to 90% by volume, in particular of from 75 to 85% by

30  volume, more preferably, for example, 76% by volume, 77% by volume, 78% by
volume, 79% by volume, 80% by volume, 81% by volume, 82% by volume, 83%
by volume, 84% by volume or 85% by volume.

The gas mixture has, for example, a content of CO; of from 1 to 20% by volume,
35  preferably of from 5 to 15% by volume, more preferably from 7.5 to 12.5% by
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BASF Aktiengesel | schaft AE20050466/rs PF 0000057340/rs -19 anpunt of from O
.to 0.1 % by volune, preferably fromO0.0001 to 0.01 % by vol une, nore
preferably from0.0005 to 0.05% by vol unme. The sum of the conponents of the

gas m xture Bage AkRichfestiitaby VOl WE00S04d6]" t he se®I§h00057340/rs
absorption/desorption’in Bl and B2, the gas m xture preferably has an N20

content of from60 to 95% by volune, pxmferably of from70 to 90% by
volune, in particular of from75 to 85% by volunme, nore preferably, for

exanple, 76% by volunme, 77% by, vol une, 78% by. vol u 79% by vol.unge, 80% by
Vol ure. | 8100E R Ak Samb, TRICVDF aas Pisads By Jof ST A S B O 10
85% by vol urfeom TheEl gag.5% diyuveutnas prefartible xdnfipbra, 0.4 16 &b iyt velhim€Omhond from 1
to 20% by val ref erabl y. of f o 15% b ol une, .nore preferably
From 7.5t o Procepby ForbRRie fkp o482 304y HRUl ORI, ks oRiELe 10
exanpl e, a ooay emhpride HEMA.1 16 10POhy Goling of W, 5ptelforablp|frome 0.t % bpl y of
fromO0.1:to | r ef r f 0 2.5% by
vol une. re‘gjl/ﬁel%( r%( rglﬁg%graﬁ%(ﬁ%?@ %mf;i;%?% n%orl{nglg’ %P%%%Q%B/g%§{SVOI une of
N2, pref er adbyefample Oit®gew oSUsHgr sohoint rasiduns O pmay be phdsyntf fayrexampls, 2. 5% by
vol une, and :al R | ' sol vent
, aflm%g/ﬁdébﬁ be ﬁoﬁaoﬁ%’pgr% Z);,(/ g%@g?ﬁggﬁ%?y Rk 6’.@6(?‘1 g{b.ﬂ?%

resi dues. e present, I n “an _anoun romD0 to 0.1%

by vol une, piodines.ampie prederablyofiom 08005 0e0h.89% by | veheme.ndhe spmebbrthdly from

0. 0005 to 0.Q5%HA¥niYBf #hEBas MiteuRiidO L t1P00% BYRBNGAL S of the gas mixture
adds up to 100‘§)bbyn vol uggas W}len step % 'S car?ﬁgd out after steps A, A2, Bl

and B2, lfhe gas mxture G2 is 25 treated. After the second

absor pti on/ dgsfE RbhteRk bihB!pradedt Blenfo] s?éﬁ)b@elﬁhf'ﬂfso%ee@axged bliebetd@sy M xture
preferably has an, N2Q contgnt of _from60 to.95% by volune, preferably of

from 70 to gRsEY! w8 uive and Steps Bl @nd B2.oln thispases theogasmygyress-4 dptine, nore

preferably, fox@NAeR/ the sARIeNpyist® the £36 RyxtuR! Wiith is/SaiRyd aft&!there, 79%
by vol une, 80% by .vol une,, 81% by. Ol%’iﬁ% 2% vol ume, . 83% by vol unme, 84%

by vol ure orse@?{@ga&?‘)l?ﬂ%(ﬁ‘éﬁorﬂtﬁﬁl 13 and §pbsequent SteRGrml e, a content of
CX2 of fisom1 to 20% by volume, 35 preferably of from5 to 15% by vol une,

more prefer al?ligl ealrlaﬂ{? Z)c')sSsil:;[lg ir:} 2the5 (){g)og%éxt of the present invention that the process
comprises a plurality of steps C. Thus, it is also possible, for example, to carry out
a step C before steps Al, A2, Bl and B2, and a further step C after steps Al, A2,
B1 and B2.
20
Accordingly, the present invention also relates to a process as described above,

wherein step C is performed before steps Al, A2, Bl and B2.

In principle, all suitable processes for removing NOy are useful for step C of the

25 process according to the invention. Suitable processes are, for example, the
catalytic reduction with hydrocarbons or ammonia, the catalytic decomposition
over suitable catalysts, absorption in strongly oxidizing solutions and the
absorption in acidic or alkaline solutions.

30  Suitable oxidizing solutions in the context of the present invention are, for
example, solutions of hydrogen peroxide. According to the invention, suitable
strongly acidic solutions are, for example, solutions comprising nitric acid or
sulfuric acid. According to the invention, suitable alkaline solutions are, for
example, solutions comprising hydroxides or carbonates, for example sodium

35  hydroxide or sodium carbonate. Suitable liquids for this scrubbing, in addition to
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BO5/ 0466 BASF Aktiengesellschaft AE20050466/rs PF 0000057340/rs -20 vol une.
At the sane tine, the gas m xture has, for exanple, a content of 02 of from
0.01 to 7.5% by volune, preferably of fromO0.1 to 5% by vol une, nore
preferably, BASFeMaigigesellbébdmt 0. 2 tAE05Ua&s/rsv Ol ue. F 66008573400 gas

m xture may conprise fromO0.1 to 10% by volune of N2, preferably fromO0.5
to 5% by 5 volune, nore preferably fronpfl-to 2.5% by vol une, and al so
further conponents, for exanple nitrogen oxides or solvent residues. NOx

may be present, for .ex | e i n_an u aof f.romO0.1t@.0.19 | yne,
o o er abi y. 17035 4805 ¥RIR0G, o g PrGR Tho vl Becrinistg heX skBl005 o
0. 05% by volinntbe afthfer shenremfoviah ef Néxnfpemenffonsest Suitablg asrubbingusobatadorup to

100% by vol u n_th 0, My ' . pay al so
be carried o%?p %né%\?éear{%’ g?lg%sl}%fean%?ukgﬁaﬁéﬁgﬁ fe}gpsdrB &2%1%;?%5 %%ﬁB{lﬁlngﬂ case,

t he gas mi xtmagne§um karbonatppmagnesiine hydrdxédes seinticospd sianadinmain nhwugas

m xture I chid Sinhé t SEC | /.%Eﬁ% t LO 131 and
B2 and s\l?gse%llj%nt Sé@%ﬁ%ﬂl% ﬁd %@ﬁgﬁ% ?gﬂggg’zlﬁﬁ%#%at e c%rlll?gibt_gjegf t he
present i nvelfiexide t#uk i hparfeare solutiopsprimprising podiug | eaybasptes t glunT,  Thus,
it is also pgsabbhe of dinsXBYBbLRIdel O Carry out a step C before steps Al,
A2, Bl and B2, and a further step C after steps A, A2, Bl and 132. 20
Accordingly, the present invention also relates to a process as descri bed

above, lWher&F&bﬁ?ﬁgﬁs&%@@ﬁé&ﬁé&??&@aﬁfpﬁ% RPSTHEmar et @%inf(ﬂgm%’ts' n C of
principle SYi oces r repoyin , are_yseful for step Co
the 25 ¥ ozlfl%%@cg’@egi‘?ﬂﬁhg{dﬂ@% ﬁg&?sr};ﬁ%‘iﬁqn&#d@gps{\@?ﬂpéﬂp F%E%‘s%@g’ H{goust o
exanpl e, theAcidairal Witfogeri ©atidekT, Sactiéd h4/2yxdr ocar bons or ammoni a, the

catal ytic deconposition over suitable catalysts, absorption in strongly

oxi di zing solutions and the absorption in acidic or alkaline solutions. 30
Sui t abl e oxi ki géneeal stheUNOQmbsorptitihés effedtek in ahitd fre whids ergasiliqurRhphaa ar e,

for _exampl ey SpLUL BN pHhOIRR R4 ShGiea BERRT Wil BSHaLNER T 0P
15  enabled, and which are equipped if required with internal or external equipment for

heat supply and/or heat removal. The phases can be conducted in the absorber in

cocurrent, in countercurrent or a combination thereof.

According to the invention, the absorption may be carried out in one or more
20  stages.

According to the invention, the absorption is effected at temperatures between -20
and 100°C, preferably between 0 and 60°C, more preferably between 0 and 40°C,
and at pressures between 0.1 and 100 bar, preferably between 1 and 30 bar.

25
Possible embodiments of the absorber are columns having trays, for example

bubble-cap trays or sieve trays, columns having structured internals, for example

structured packings, columns having unstructured internals, for example random

packings, or apparatus in which the liquid phase is present in dispersed form, for
30 example by spraying in nozzles, or a combination thereof.

In a further embodiment, the present invention therefore relates to a process as
described above, wherein step C comprises the absorption of nitrogen oxides in
acidic or alkaline solution.

35
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strongly acidic solutions are, for exanple, solutions conprising nitric acid
.or sulfuric acid. According to the invention, suitable al kaline solutions
are, for exanple, solutions conprising hydroxi des or carbonates, for

exanpl e sodi BASBAKikaesells¢ha®t SOdiAN20050657A €.  Sui t JIF @0000gT34bersfl Or this
scrubbing, in addition to BO05/0466 BASF Aktiengesell schaft AE20050466/rs PF

0000057340/rs -21 those already nentioped, are in particular those which
are famliar to those skilled in the art for the renoval of NO from

of f gases. lsmn_tta@ lcente et ol pgeseM Hve@ith, VO, GnSRERAINBS b@rrae:gorbﬁbn exanpl e,
agqueous sol utipns or syspensions c risin magnesi.um car bonat gnesi um
hydr oxi de, sidit s ikl selitifn: hA abpasalons 1% S gl NS 70 2H8 and
amoni um bi sIBPCde pirtiowaabetweemrh®d and, 75 dprefresbly petvesende amdh 07@, foarti cul ar
sol utions conprisi i4m. caiban e SO Um__hi opat e i

hydr oxi de. Seu%ggq ggta%ggesglécgad'gge’ g%‘gcaltfai {#S %?’eg@%%p@g,aqdﬁﬁﬂ}?g%hﬁgmnn et
al . in US ngartiailari@ti@enycd apbsl bar, preferghly betoveen 26@0,10@Baect r oni ¢ Edi ti on,

Chapter "Nitric Acid, Nitrous Acid, and Nitrogen Oxides", Section 1.4.2.3.
In general, the NOx absorption is effected in units in which a gas-liquid

phase interfaeg ﬂi&N%%ﬁé&mﬁm R ND-eontERmaE @#RMnRast i§ hARS{RL et ween
the phases is 5 enabl e and I ch are equi pped if requi rc%ggvm,th I nt ernal

or external léVqYﬁJ]BWEﬂ °r8 V’eﬁte‘ésﬁd e/ AR RFOFTaRVAIUPEHOVHIC 2CthaaR4Rs can be
Cﬁnduc; ed i nHN(tng cohtar Bﬁcﬁvebﬂﬂo HdC89% eb@thweigm, gmfa{aslrycwbtweégioqma_owgajm nation
t hereof . Accordjng to the inventian, ft absqrption may. carrjed .out in
one. or 1 o weight TuisadvaARaduah T faseras e QYD Pl Hbinahe GARPIE if o
effected at dceompirdéd beshdetepaeion 27 nikicdaciDO@h Pomaf et@bhy ettt of and
60C, nore pr apl v, bhetween 0.and 40C.. and. at pressures between.0Q.1 and
100 bar . pr enSCan o eduERer o6 At Uy, 08 BheL IS BRI pPHERE Bt ' ne
absor ber ar eacidbhavims froumA0rtg 60Palys weifght oEWNMR! e  bubbl e-cap trays or sieve
trays, colums having structured internals, for exanple structured
packi ngs, columms having unstructured internals, for exanple random
packi ngsl3 orInahe aputextsofi the wheisert inventiongihisdproberdsiee issuspd egtnprefenergesfoer sed
form for example, when the N,O-containing reactant gas stems from a carboxylic acid
process (for example adipic acid), wherein NO, concentrations of from 1 to 50%
by volume are present. The NO, removal in step C is in this case preferably carried
out before the N>O concentration in step Al and A2.
20
In one embodiment of the present invention, steps Al, A2, Bl and B2 may be
followed by a further step C, preferably a chemical scrubbing, more preferably

with sodium carbonate solution or sodium hydroxide solution.

25  Inthe context of the present invention, the NO, may preferably be adjusted content
by a selective catalytic reduction with ammonia in which N>O behaves inertly.
This technology, known as SCR-DeNOx or DeNOx technology, is described, for
example, in Ullmann’s Encyclopedia of Chemical Technology, Chapter “Air”,
Section 7.2.3.1. “Catalytic Reduction of Nitrogen Oxides in Flue Gases and

30 Process Off-Gases”, by J. Wolf et al., 6% edition (Online Edition), 2000. In this
preferred embodiment of the present invention, it is possible to attain NOy
concentrations of less than 100 ppm, preferably less than 50 ppm, for example less
than 25 ppm, and more preferably of up to 5ppm, and very low NH;
concentrations in the product, for example less than 10 ppm.

35
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30 exanple by spraying in nozzles, or a conbination thereof. In a further
-enbodi nent, the present invention therefore relates to a process as

descri bed above, wherein step C conprises the absorption of nitrogen oxides
in acidi c oBASFikshtiengesetiseliafon. 3AEDHS50460r8ASF Akt i RINGSHOST340Hmf t
AE20050466/rs PF 0000057340/rs -22 In the context of the present invention,
NO, can be renoved by absorption in an-2&aeidic or an al kaline solution. The
absorption is carried out between -20 and 120C, in particul ar between -10

and 75C, pr @m% f i C, and
at a pressu?lfe %%?%A%%%&%H@gan ?8% %gl?c e 8 art%egaﬁ ;avveengg1 9and 50
bar , prefera@memt\béﬁmeiteml,lbzlﬁ}and/ﬁén the NOx concentration in the

N20- cont ai ning gas mxture is nore than % by volune, the solvent used for

step Cis preferably aqueous nitric, acid having an HNO3 content between 0
and 69% by wai g Rarticplagy grefisrrgd @&hﬂé@aﬁr@ of ibe PIBEHyINYENtRE; Hiet gas| mixtwre

advant aggouswhiahtlb uSedCiStBe phdesd ﬁ&omlg qﬁﬂieqhvaﬂmhranaft% egomﬁ)g'eﬁ
acconpani ed by t S pr epar ati on of thr am&h %{é g{ﬂ@ tQ 69% vvel ght
of HNGB. FoWopgdds,maystees frgm %?@H@rac plant Jhe gifigpsphiheadinic geid

pr eFarj[ ngf nj{iﬁﬁjréferaa@l lﬁnd&d\mﬂ?NU M Wﬁ&)‘lemf}ﬁ safusfdﬁﬂ@ﬁn 1§-ﬁ)ehn t he
context o € pres nt i | rocedure i rence,
for exanpl € Wiﬁ'ﬁﬁe‘? (5‘f‘|t aq?aﬁ ﬂ&‘sﬂﬁ%ﬂfam @a@@f‘%‘ﬁ%‘“ﬂ ‘gﬁ t?‘Boxyl ic
acid pr ocesanﬁ;fresrsm&mlﬁmhﬁ @diipicoolad iadld ,pay%eﬁmomnwbso@unﬁemﬁam whighof from
1to 500/ by ol. u resent The nova s in thi.s case
prefer ab Nplxl e@%l%ﬁf -@ngf%?ls 0&?81%0?10 5?%131&??)’ ﬁfpssﬁcteeglp,&fauér c?fAZ 20

I n one enbodfromrﬁbooifOtdﬂaO(BCeﬁcarw&amplﬁeﬁn@m(ﬂﬁ) toﬂOé@spnéfe,rab&jz;&oBiL3&m4BE may be
fol |l oned by - r e cal

preferably %;{aﬁﬁ |ff10§n£§§rt§ona Jt %S}j%e?\t)fgf?&g‘oldﬁl dﬁg%@%e soﬁiﬁt ion. 25
In the cont ebot14dfar,tmel‘emré'sahly frmérmdérbar,tlheaﬂt@,llanﬁynmeﬂé&bml y be adj usted

content by a selective catalytic reduction with ammonia in which N20

behaves inertly. This technology, known as SCR-DeNOx or DeNOx technol ogy,
i s descrlfbedThg efigas may be used directly in the process according to the invention. In a

further preferred embodiment, however, the offgas may be heated to from 100 to
250°C, preferably from 150 to 200°C, preferably to from 160 to 180°C, more
preferably to 170°C, and be conducted into the DeNOx plant for the reaction in
step C.

20
Subsequently, the stream is preferably cooled, compressed and cooled again before
an absorption/desorption in step Al and A2 and B1 and B2 1s carried out.

When an NOy concentration of < 1% by volume is present in the N,O-containing

25  gas mixture, as, for example, in an offgas of a nitric acid plant, the absorbent used
for step C is preferably an alkaline solution. In the context of the present invention,
this procedure is preferably used for the fine purification of the N,O gas after the
concentration in step Al, A2, B1 and B2.

30 In addition to steps Al, A2, B1 and B2 or, if appropriate, C, the process according
to the invention may also comprise further steps. For example, the process may
also comprise a further treatment between steps A and B and step C. Such
treatments comprise, for example, a change in the temperature or a change in the
pressure or a change in the temperature and in the pressure.

35
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exérrpl e, in Ulmnn's Encycl opedi a of Chem cal Technol ogy, Chapter "Air",
-.Section 7.2.3.1. "Catalytic Reduction of Nitrogen Oxides in Flue Gases and
30 Process Of-CGases”, by J. WIf et al., 6th edition (Online Edition),

2000. In thlBASFMﬂitﬁ'h'g@ﬂll@fHﬂdl MENtARI00SD46G/Fesent | NENQO0BO57340/#ss possi bl e
to attain NOx concentrations of |ess than 100 ppm preferably |ess than 50

ppm for exanple less than 25 ppm and24mre preferably of up to 5 ppm and
very low NH3 concentrations in the product, for exarrpl e less than 10 ppm

35 B05/ 0466 S fte Al / -23 |
a preferred lgir?béc:)gﬁlr%e etﬂge&ﬂsﬂc’%ﬁgg 6ft Egag [?Bﬁﬁrgl 1(%13 znge?g%?v%;?ﬁg em%nl a i sn
carried out donflensatien ef)gnEADf t}mzonsmnamta Brse |cnma01|mts map) orlexamplsf ber ed

embodi ment qf, Elh& %lv‘eﬂ%’ flax% 1 BQvERSHITLR dhded fﬁr‘ﬂ{}'é’d%”%ﬁggﬁgd in the

process accor e Invéntio nd conprises dinitrogen e my
stem from arﬁt%gmﬂﬁmﬂwepﬁ @m’@fdlq&@ the fnysstioft: the adipic acid plant is
preferablsy m xed with NO synt heS| S gas and cool ed. The gaseous streamis
then conpressed, preferably t and, if appropriate, adm xed with
air. After thecordingppdhe Tpyentipmeit Hatpogsaéleutbatcﬁmhéa cCQMRoReRtS a5 TeiQyedin

absorption tﬁ’&ﬁrthé%as Vihix@lre IbrN@ambRe, ﬁQ@b@ésﬂﬂie thi@adda of dater RMhidPMaPhet he
s ate ure from abo t.o 100C,

col umm pref er abl t or

from 20 to SHESCHbiNe EabIIRIR dn2atier eﬁeorpn% lrbﬁﬁmaémhearﬁmpw%&g@ 40 4oc at
a pressure Ofashiigfiird GtDbyl bolaptessipn aidesubbtguehtr @dlidg. to 14 bar, nore
preferaﬁﬁy from5 to 13 bar, in particular from6 to 12 bar. 15 The offgas
may be ed directly in the process according to the invention. In a

further preflarthesdcaseihdigre miixtuno Wl d¢ adwdmageétﬂs@yamnmp;esm ﬂoemp&ﬂsﬁre ofrom 100

t 250C, I f t 80C,
p?eferabl yp{ 0’%71061% %an‘%oén %eggﬂguc%g%gﬁo ﬁéﬁ%ylwf fﬁbrij) OF‘O ' géjﬁf'react Irrg;]e
in step C Qoolighisgueferdbly efftdied subsequenily, preédfrablmld row @ ©d25°€ommressed and
| ed t. t B d
B2 1 o carr CRLP Gpls RSN th BRAEERD HRA 30145 GRCY waRfl o8R0 C N

t he N20-onttailfGg

It is equally possible in the context of the present invention, for example, to carry
out a partial condensation of dinitrogen monoxide or a rectification, especially to
remove the low boilers, for example oxygen and nitrogen.
20
According to the invention, the gas mixture G-2 which comprises dinitrogen
monoxide and has been purified by the process according to the invention can be
used in a further reaction. To this end, the gas mixture may be used in gaseous
form. However, it is also possible first to treat the resulting gas mixture such that
25  the gas mixture is present in liquid or supercritical form and is then used in a
further reaction. The gas mixture can be liquefied by suitable selection of the
pressure or of the temperature.

The present invention thus also relates to a process, wherein the resulting gas
30  mixture G-2 is liquefied.

To this end, the gas mixture G-2 is first preferably compressed and then cooled. In
this case, the gas mixture G-2 is compressed advantageously to a pressure of from
1 to 35 bar, preferably from 2 to 30 bar, more preferably from 3 to 27 bar. Cooling
35 is preferably effected subsequently, preferably to from 10 to -70°C, more
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25'gas m xture, as, for exanple, in an offgas of a nitric acid plant, the
.absorbent used for step Cis preferably an al kaline solution. In the
context of the present invention, this procedure is preferably used for the

fine purifi cBABPAKienbRlIbHafgas afAE20050466/e0ncent r atROMN000533400rsAl , A2, Bl
and B2. 30 In addition to steps A, A2, 131 and B2 or, if appropriate, C,

the process according to the invention2imay al so conprise further steps. For
exanpl e, the process nay also conprise a further treat ment between steps A

and B and Stﬁ@feﬁ Qﬁ%ﬂ‘g{"r 8@i¢BR ﬁrtﬁ:ﬂfépﬁjoﬁleﬂ Ro@xarrpl e, a change in the

t enperat ure ‘of the pressure or ange in the tenperature and
in the pressure 35 BOS/ 0466 BASF Aktlengesel | schaft AE20050466/rs PF

00000573407 rpp, Congﬁﬁe@(?%% &Er%sfeg Rodehforidt AR%NaTIbEEHbBIIRY Change,

for exanpl e ensat | on e conmponents. ese conponents may,
for exanpl e, ybeprqm&seﬁcw vgrmorléml in priagipledis| yed faralhapplicaiions h i s

used Ior g heina%il‘hg m@nglh]ﬂ{og%heﬂoﬁdmﬂé‘ s‘h@@m@r&cﬁﬁﬁtr ﬁoht@iﬁ&fld% Clsnieﬁﬁs

i nventi on. 0 g.to i nven i's pos | e that ,further
conponent s aﬂ‘@‘ %Jny\’}gtimeﬁ 8% e é“é‘hbh Wﬁr@" PRI ’aF]PﬁI 2 THXtUEES e s | e

é hat traces @ﬁ%l;‘l@tﬁr eXdthgl B f@ﬂldl@uddﬁoﬁ&ﬂ‘ﬁﬁethﬂhol ttefomaldehydeyﬁed&écﬁbaf ter theOI
esorption i ma r r.essi on an
subsequent Bleﬁﬁ'&p%i é{ﬂéaé@mo{ Ilﬂ)j:“ &?%WQ% e2prie 98eousl y

conpr essed ttherfqre eﬁ@Ufeﬂat@‘ to fheouseloft me?g‘ishﬁrxmpr aﬂm}ﬁbcbmplﬁsreodmardgeﬁo bar,

further referabl¥ g t%P27 b;) COO|I 3 Sf gtpabl ffected

subsequett | yROBPRERARDI % 8 BRecss Br "Sg ¢ SPagh erBrrfi‘SSa{'o 20C,

i n parti cul asxifiizing agetitdodmethaholt t her preferably from5 15 to 10C It is

equal ly possible in the context of the present invention, for exanple, to

carry out a partial condensation of dinitrogen nonoxide or a rectification,
especi al | y t'Bhe perresse acdoeding viobthiel mventicno afferdangdsemostyrpe nGaéndomptisiogen. 20

dinitrogen monoxide which comprise a particularly low proportion of troublesome
15 secondary components. This is advantageous especially for the use of the gas

mixture comprising dinitrogen monoxide as the oxidizing agent, since, as a result

of the low proportion of troublesome secondary components, hardly any side

reactions occur and thus particularly pure products can be obtained. After the

inventive purification, the gas mixture G-2 preferably also comprises carbon
20  dioxide in addition to dinitrogen monoxide.

The gas mixture G-2 purified in accordance with the invention comprises
preferably from 50 to 99.9% by volume of dinitrogen monoxide, from 0.1 to 25%
by volume of carbon dioxide and from 0 to 25% by volume of further gases. The

25  percentages by volume reported are each based on the overall gas mixture G-2.
The sum of the individual components of the gas mixture G-2 always adds up to
100% by volume.

The gas mixture G-2 purified in accordance with the invention preferably

30 comprises from 65 to 95% by volume of dinitrogen monoxide, in particular from
75 to 92.5% by volume, more preferably from 85 to 90% by volume of dinitrogen
monoxide.

The gas mixture G-2 purified in accordance with the invention also comprises from
35 0.1 to 25% by volume of carbon dioxide. The gas mixture G-2 preferably
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According to the invention, the gas m xture G 2 which conprises dinitrogen
-nmonoxi de and has been purified by the process according to the invention can
be wused in a further reaction. To this end, the gas m xture may be used in
gaseous f orBASFoM&ieakesellichiagt al SO AXZWSDIEH/Fd r st t 0 tHRGN0005TI408sul ti ng gas
m xture such that 25 the gas mxture is present in liquid or supercritical
formand is then used in a further rea®ddion. The gas m xture can be

|l i quefied by suitable selection of the pressure or of the tenperature. The

present | Ve oRed AR ool 8L IR G BT MBSHEL: b5 1 Bopbh 10 02

30 m xture |que xture
preferably dmfmimss,euomnmeftnbly ﬁomlSetdBP/nby wiumecﬁgerbonldmxg@s mxture G2 is
conpressed advantageously to a pressure of from 1 to 35 bar, preferably

from2 to 30 bar, nore preferabl from3 to 27 bar. Cooling 35 is preferably
ef fect ed subBegasmuixjure §i-2pesfensbly qommrisenirom ¢.81 10720% hyprdumpos fges BASF

Akt i engesel '@%&aff&r %ﬁﬁé S0 '?E%JQQQQW@A Pﬁnculgﬁﬁﬁﬁﬁégft@hb% byom 8 to
-30C, in particular fromb5 to -20 e gas mx ure whi ch corrprlses

di ni t rogen n@&@ﬁ?»d@o%@“}f@@bbe@ﬁmo%t’&l AédbY Fplume, b d eraé@:-“@?dl iThe; %28 t he

i nvention cafixtiye G-2Nfirifild iR acdés@hct Withadhk iRRBlibA Mdyddenprize iofe \WRintdie pUr e

di ni trogen xi de streans or dij de st ans adm xed with
inert gas a;@“ﬁ?ﬁaé%f’l’ At Sl?et‘ilfll}étbtei‘%ﬁ?aé‘;?o fr,{ﬁ;(g@p%greaqng sui t abl e,
for exanple, for the oxidation of nethanol to for rral dehyde, as descri bed,
for exanp| e, 2 r DE- A 19 5 211..The resent vention

t her ef or alléélaF EFEH é‘gun?i ‘LAhFﬁ p5<fse1{1cﬁ:e rgggzrﬁsx%}n&t o 8

di ni trogen lbnipoisimg N@O,adﬂtmm sl betr raadod vt sbyf earbdsmdﬁmdeancmrdpafgoh aot he

i nvention as i di Zi g n for hanol . The pracess according to the
| vent | on ar PBP0SH 6 B8, I L hriE N Ee sAR-mRAEEn TRoREEs n oh
conpri se a padestoshippress slekf»depmmpmmwromf difiittogenuinoesode 15 secondary
conponents. This is advantageous especially for the use of the gas m xture
conprising dinitrogen nonoxide as the oxidizing agent, since, as a result

of the I'éw pPopadvantage of therprotsss seneeding tothgdnvyentionpotien€S:, inadditipnday si de

[ ﬁ:Ct 1 ONs  0CHYI,88 thdrfitifi RS MUeHpafisBh i& ofleP HHF! Sast@hals WA Bide AfLET

very similar to that of N;O and similar critical parameters. As a result, the gas
mixture G-2 which comprises N>O and, if appropriate, CO; and is obtained in the
process according to the invention can be condensed at a higher temperature than a

20  comparable mixture of N;O and another inert gas. As a result of the very similar
boiling curves, the condensed gas mixture has almost the same composition as the
gaseous mixture, so that the inertizing agent is retained in the liquid phase.

Moreover, CO, has a good solubility in organic compounds, so that a relatively
25  low pressure is sufficient to avoid the formation of a gas phase in the reactor in the
case of a reaction in the liquid phase.

The present invention therefore also relates to the use of a gas mixture obtainable
by a process according to the invention, as described above, as an oxidizing agent,
30  especially as an oxidizing agent for olefins.

In particular, the present invention also relates to the use of a gas mixture

comprising from 50 to 99.9% by volume of dinitrogen monoxide, from 0.1 to 25%

by volume of carbon dioxide and from 0 to 25% by volume of further gases as an
35  oxidizing agent, especially as an oxidizing agent for olefins.
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inventive purification, the gas mxture G2 preferably also conprises carbon
.20 dioxide in addition to dinitrogen nonoxide. The gas mxture G2 purified
in accordance with the invention conprises preferably from50 to 99. 9% by
vol ume of di BASFogaiengeseilxélodt fr o AE20050466/65%0 by vOIRK@)MMSTIUHaN di oxi de
and fromO to 25% by vol une of further gases. The 25 percentages by vol une
reported are each based on the overall-ZAs m xture G 2. The sum of the

i ndi vi dual conmponents of the gas m xture G2 always adds up to 100% by

vol une. The gas mixture G2 purified in accordance with the invention
preferably 30 conprises from65 to 95% by vol ume of dinitrogen npnoxide, in
particul ar fSushh gay mixaresarg obiginabls forecxamplee by thef purifising roenss 8eordin@0% by

vol ume of digihd RYERionTONOXi de. The gas mixture G2 purified in accordance
with the invention also conprises from 35 0.1 to 25% by vol une of carbon

di oxi de. The gas m xture G2 preferably B05/0466 BASF Akti engesel |l schaft

AE20050466/ 1y, BnGpRO MR 49/ hbures Gyl o i#Re ! diffiloged Gnefbiidy angl 48® Of
carbon di OX|(5§£‘,‘, #g particular from?2 to 15% by v,%rr’r?, gPre preferably from
5 to 13% by QRitiD#Rle g capislaRced itk the. InvRANQIR arersyifablce et eppélﬁéﬁl%@
conprises frgefifs. Qhithtle 3RFn0re, abtemingfle,fopehRBAin &7 FoREslefihohatingmake from
0.1 to 15% by vaol u({re,b in a\r/](g)rl ular .fro .9 to 100/?bﬁ fvoilume, nor e
preferably fYJRPE 1Y %‘0}8%’@5 CUHERCE S of & vegde sy clierplefigs bavipg opgog G 2
purified in merorddablee buadsh foheexamysiat txwlopdREneonPElohéxense ogtloh®ptene, f urt her

gases, the ampunt. specified being,based on the sum of es present. 10
e has bRen PatmiPRa bR PreiSBRterty GRBANERL, 1M iR

m xt ures cohpriyslooctadidfy, 1ch-sxcl ododbgadsamalor 15, Bopuodslecdtriera: bon di oxi de in
conparison to other inert gases are required in order to ensure safe
operation, for exanple in order to suppress self-deconposition of

di ni t r ogen nioropriefared knt@dementy thetpregenbinvedtonpthercfws alsogelattisrig atusetabe

| nvention i SudfiedOfve B AR didn FRSIGAAS WiHRAA 1] BAARGL spctel
conparison to other 1 nert gases, las a boilrng curve 'very sinmlar to that
of N20 akid sfrem| dhe cigraupc agongistingrevér syclppendence s ayelodadeeensasandni kfifre G 2
whi ch conpri seidydleaitge. | I appropriate, CO2 and is obtained in the

This enriched and purified N;O-containing gas stream G-2 is suitable very
particularly for the oxidation of olefins to ketones. For this purpose, it is possible

20  with preference either to absorb the gaseous N,O directly into the olefin to be
oxidized or another solvent, or the N>O can first be liquefied before it is reacted
with the olefin.

Especially in the case of use of a liquefied gas mixture comprising dinitrogen
25 monoxide, it is advantageous when the proportion of inert gases in the gas mixture
is at a minimum, since the reactor volume is otherwise enlarged unnecessarily.

For the inventive use as an oxidizing agent, especially for olefins, the oxidation can
generally be effected according to all process versions in which the oxidation,
30  especially of the olefin, takes place. In particular, both continuous process versions
and modes of reaction, and batchwise reaction are possible. According to the
invention, the reaction conditions for the oxidation are selected such that a reaction

takes place. Pressure and temperature can be selected appropriately.

35  The pressure is preferably in the range up to 350 bar, for example from 1 to 320
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process according to the invention can be condensed at a higher tenperature
.than a 20 conparable m xture of N20O and another inert gas. As a result of
the very simlar boiling curves, the condensed gas m xture has al nost the
same conposi BASR Addidngesellgaitdous MAK20080466ird hat t he FIN@OOO0STIMD/B0ent i s
retained in the |iquid phase. Mreover, CO2 has a good solubility in

organi c conpounds, so that a relatively2825 | ow pressure is sufficient to
avoid the formation of a gas phase in the reactor in the case of a reaction
in the |iqui i.n i for t he use
of a gas m x@‘u’%&%ﬁ%"é{ ﬁggﬁe%%@ﬁ gérb%ﬁ eslgﬂ%{{:%g[%?iﬁ 2%to g:laf.g%ﬁefﬂﬁ@gg@f%g, as
descri bed abepssferablyain dxangiezlireny 2fetot 320°€0 farsgranip frpmad3Gite 3R9°Gi. ihng agent
for olefins. Jg re present invention also relates to the use of
a gas m xturpeamccug%pfﬁrg?lrjlgh%%d:n%o to 99.9% by volunme of dinitrogen nonoxi de,
fromO0.1 to 25% by volune of carbon dioxide and fromO to 25% by vol une of
further gasephAski@itiondRayPhd SHrdbdBuie§R pre@e?ﬁ@%fﬁ'shﬂalﬁé s@Ve@XHBWE it agent

for ol efins., BO5/0466 BASF Aktiengese||schaft AE20050466/rs. PF 0000057340/ rs
-27 Such gasisrAguelly pessifle 1pmcaordatneewith dhe anvgnppR to warmy nat ghe jorydalign pr ocess
accordi ng tRithdif thdndB3idnUT.a dlvet.pri nci pl e, the gas m xtures which conprise
di nitrogen nonoxi de and are obtainable in accordance with the invention are
suitable for the oxidation of olefins. Suitable olefins are, for exanple,

open- chai n oHow¥er] it i9lalonBoskidie Othern@ntext ofMdliee prkeetht| iBvditiodShathhefg@gence is

further given.to l.i ¢ olefins having one or..nmore doubl e nds, ..for

examr e SerBpuieSHe s ol broh i §hinderac G hF sfupbhtection

cycl odecene, ofcthe Ippessare cadéor of\thé oshapsteataree Thi lkuefied gisemadiinenean then be

1, 5- cycl ooct adi 8ne iL S-ﬁgcli?dtoodecadi ene or 1,5,9-cycl ododecatriene. In a
preferred en’t5588| H;S%ty,mt eO)}S 28Nt invention therefore also relates to a use
as described above as an oxidizing agent for olefins, wherein the olefin is

I d . i.Stk f. d
1505 Coyci cAbiEhp R VAR A Do i BHE LRRED RS SR BURACRFRE o1
stream G igigbietsglsiction of yhe pressure ahd of yih¢ tampematursxsughtthgrmogasopldses t o

ket ones. For t0iSn Y ROSEM Fohel S POSSI bl e

The pressure is preferably in the range up to 350 bar, for example from 1 to 320
bar, preferably from 2 to 300 bar, in particular from 3 to 280 bar. The temperature

20  is preferably in a range from 220 to 320°C, for example from 230 to 300°C, in
particular from 250 to 290°C.

The present invention therefore also relates to a process for preparing a ketone, at
least comprising the following steps

25
Al  absorption of a gas mixture G-0 comprising dinitrogen monoxide in
an organic solvent
A2 desorption of a gas mixture G-1 from the laden organic solvent
B1 absorption of the gas mixture GG-1 in water
30 B2  desorption of a gas mixture G-2 from the laden water

D contacting the gas mixture G-2 with at least one olefin.

As described above, the process may also comprise at least one step C.

35  For the preferred embodiments of steps Al, A2 and B1 and B2, the above remarks
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20 with preference either to absorb the gaseous N20 directly into the olefin
.to be oxidized or another solvent, or the N20 can first be liquefied before
it is reacted with the olefin. Especially in the case of use of a liquefied

gas m xture BABPIAKtichgestISéaTOOEN AAR0U50966/AC, |t | S FEUgEINISIRMAS When the
proportion of inert gases in the gas mxture is at a mninmm since the

reactor volune is otherw se enl arged unpecessarily. For the inventive use as
an oxi di zi ng agent, especially for olefins, the oxidation can general ly be

effected accor? 2;% E]g Loce sk%r3|ton I n_whic Q ‘ﬁi IBE 30
especially PP e Ob efprﬁp é%g %I 508° ?%SLB%P?‘IUSB‘? S?Pc?t t 38?15
process ver sBdns tlznchenfed snd fC or #wt otber, magndafgahctbmdmg to dlacinventica; etepossi bl e.
According t [ agt on are
sel ected sug%&pﬁg)t ﬂayi?’gg%c?%er{ sﬂ:?) Ffﬁ gbF g@eaﬁ&giegggrggerands %Jgﬁllg?’b%%é can be
sel ect ed apphatstémCab perf%léﬂHEfWQMrﬁd iA22, Prledner BbIIn elvnrﬁme rtereggeelyp t o 350
bar, for / Eﬁ 2 Akti engesel | schaft

AE200504 6/?%{% %g%%g}g%?&ep@%g %gfﬁl referably from2 to 300 bar, in

particular from3 to 280 bar. The tenperature is preferably in a range from

220 to 320C p4f &Q/ﬂ@”ﬁ'@gfogs‘?ﬁl'e?t% e’rf?mﬁoﬁéb d BefofEaEtEb§%laM PMag@@A 0 290C.

5 The oxi datlo rried_out 1 n the presence a suitabl e sol vent.

However, it Hpweweg ihls saualhys ppssibde mhaeelafrsﬁaﬁélée meﬁqxltw&nnmﬁm stemCiis carry

out the oxi dsdrfdRed Wtkhseps e ABJB it b BOf IR a FAHNE Y mbIIAEME Fhe gﬂesérﬁ al so
possible in the con eX%ﬂJ@H’ithe resent I nvention that 0 mxture

G2 is |iuenvenos thgie 50; ladesatosd PEACESS qrﬁrp@gt%kﬁynm@ﬁ%

sel ection Oibokrbelnpﬁvﬁﬁ:ﬁbﬁtépsaﬂqi/ an, o1 4hie BReArR eafoﬁh@d bifire Isteguef hﬁdngas
m xture can then be H directl |nthe OXI i on., Accordin

i nvention, tﬂ?r‘&(ﬁvﬂa?m i pthe  prgsent |’§1VE)‘F§’F‘e Bl Vlﬁﬁﬁdﬁc? eﬂgfﬁﬁs °r15

sui tabl e sel@epa:ﬁig Ketbriean wigdsster Can gefdrnicddefeapepal] 42 SBLAnd B2t no gas
phase occurs in the reaction zone. The pressure is preferably in the range
up to 350 bar, for exanple from1l to 320 bar, preferably from2 to 300 bar,
in partiidul ait if regqoaldy tposi6 ibathe chineext exfphe qireseat i@niisn phaf deafrbyessn a

range from 220 iResaYtoralif oFSEPAT ahli%B 579 fiaRBOSF st B1 and B2 or
plurality of steps C, in which case step C may be carried out before or after steps
Al, A2, Bl and B2.

20 The reaction in step D may generally be effected according to any process versions
in which the olefin and the gas mixture G-2 comprising dinitrogen monoxide react
with one another. In particular, both continuous process versions and modes of
reaction, and batchwise reaction are possible. According to the invention, the
reaction conditions for step D are selected in such a way that a reaction of the at

25  least one olefin with the gas mixture purified in accordance with the invention
takes place. Pressure and temperature may be selected appropriately.

The reaction may be carried out in the presence of a suitable solvent. However, it is
equally possible in accordance with the invention to carry out the reaction in step
30 D without the addition of a solvent.

However, it is also possible in accordance with the invention that the process for
preparing a ketone comprises further steps. For instance, the gas mixture
comprising dinitrogen monoxide may be treated, for example, before step D and
35 after steps Al, A2, Bl and B2. A possible treatment 1s, for example, a change in
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parti cular from 250 to 290C. The present invention therefore also relates to
.a process for preparing a ketone, at |east conprising the foll ow ng steps
25 Al absorption of a gas mxture GO conprising dinitrogen nonoxide in an

organi ¢ sol VBASFAktilasedclbdiamt Of a ARF00504664i4< G 1 f 1 @R Q4UDOEZSUBArsOr gani ¢
solvent Bl absorption of the gas mxture G1 in water 30 B2 desorption of a

gas mxture G2 fromthe | aden water IDBREontacting the gas mxture G2 with
at | east one olefin. As described above, the process nay al so conprise at
| east one step C. 3§:qu the preferred _enbodi and Bl

and B2, 't ho MoV PRiATvabeiayR 5 BE AR rRB e s S PR BekRoe s P
0000057340/ resxampi9 abgmpption iR salvent proethatr the iabsvrixdd gaskeitxture mayohe wded isequence

of Steps A 82D, BhealferPnod Uy FHEIAEAT 1 INP OHRRLDY TS

Accor di ng t O the i Rven erfor

and B2. Homealeﬁnwmchustcehﬁmtldlyabmsmml)e that step Cis perfor rred bef ore
steps Al s A2, Bl and B2. In every case, however, 5 step Dis carried out
after steps AI A2, Bl and B2, In principle, it is possible to performstep
C before st dfewsyer, iAds ake passibloin theiseatext of the presenjiavenjiopdbati the asn t he

context of tﬂ%@?%dﬁ?ﬁﬁi@t dlﬁﬁro&%‘}no%ﬁﬁe@s 'h ueffé‘ﬁrtgfpﬁﬁﬁgleage‘lé%ﬁoﬁ bgps Al

A2, Bl and B2. In a further nmbodi nent , sent I nvention erefore

al so rel at esthe Pressye spdios Q)Fenpﬂeé"}%ﬁel Qfgls r%@hbrrttoaasswe%lrlicﬁeﬂate dsbtve, in
whi ch steps ¢ép DAmd ﬁter% s B, A® BleéﬂchMhé)ﬁﬁ&gfﬁdsgagﬁm%ué BorAPrising

alter natlve nbodl ment e res nt inve al s el aes to process for
prepari ng E{t@ﬁé‘lmﬁm@tﬁfi?‘:ﬁ‘aﬁ( ]é“ﬁ ‘i%‘%@ﬁf‘iﬁe WBtgfté‘? g{‘érb?elbﬁ A2, Bl and
B2. 15 It |s equaIIy possi ble in the context of the present invention that
t he process rises a ra teps Al. and r a plurality of
teps B andTiPrers ysptba Hefsfors aide puEbin 7 i epodindhelog By be
carried out foebmparing akbtoae a§ﬂ€$¢$1bed\hbov%2wh8|e1rﬁﬂﬂ 288 mivfrelBdrigarpidnN in

step D may ghen%%%“léfue%%d.effem ed according to any process versions

15
In principle, it is possible in step D of the process according to the invention to use
all suitable olefins, for example olefins having from 2 to 18 carbon atoms, in
particular olefins having from 5 to 12 carbon atoms. Suitable olefins are, for
example, open-chain or cyclic olefins having one or more double bonds.

20 Preference is further given to cyclic olefins having one or more double bonds, for
example cyclopentene, cyclohexene, cycloheptene, cyclooctene, cyclodecene,
cycloundecene, cyclododecene, 1,4-cyclohexadiene, 1,5-cyclooctadiene, 1,5-
cyclododecadiene or 1,5,9-cyclododecatriene.

25  Particular preference is given to using as the olefin cyclopentene, cyclododecene or
1,5.9-cyclododecatriene. In a preferred embodiment, the present invention
therefore relates to a process for preparing a ketone as described above, wherein
the olefin is selected from the group consisting of cyclopentene, cyclododecene
and 1,5,9-cyclododecatriene.

30
The invention will be illustrated hereinafter with reference to examples.

B05/0466



in which the olefin and the gas mxture G 2 conprising dinitrogen nonoxide

.react wth one another. In particular, both continuous process versions and
nodes of reaction, and batchw se reaction are possible. According to the
invention, tRASFT igesellechiadt t | ONAK2005946@rd are selFCOGIOSTI4MMBN a way

that a reaction of the at 25 |l east one olefin with the gas m xture purified
in accordance with the invention takes3place. Pressure and tenperature may
be sel ected appropriately. The reaction nay be carried out in the presence
of a suitabl However, it is wequally possible in accordance with
the invention to carry out the reaction in step 30 D wthout the addition

of a solvent. However, it is also possible in accordance with the invention
that the progessf of(coRt SRR Andidk 8 E AR oMb HEkitSbaRn FOr
I nst ance, tne gdas 1 Xture conprirsing arni trogen Monoxr de nmay be tr eat ed,

for exanpl e
treat nents i

e
AE20050466/rS PF 000057

m xture. A f

sol vent,

before step D and 35 after steps A, A2, Bl
fric 1&&3%9%!1&1 1s%855fa
S an

res

agid pian

340/rs 30

t g8d soppsises abe

sol vent may be any suitable sol vent

AR

assfsh

step

is preferably the
is also possible in the

and B2. A possible
%&'ﬁ&ﬁ%‘%&?

or te rature o
0j gpm fhyr volusgnef B

SO fiBher HBIRNEATRADPaGET Xt ure may be used in
The sol vent

which is to be oxidized in step D. 5 However,

ghaft

t he gas
eeth ofn a

D. The
olefin

context of tiig Pisahdire IGlUQHﬁd SHiaihed (2 k ﬁae%mﬁﬂsksédlfcﬁzﬁ;@r &fINAYsbibed 9
di nitroggn nonoxide is |i %gg g ed SLII h SeLffﬁtl on of t he gggssure
and/ or tHe tOpEPRAZENE B3 I%F‘B rptiumgo yma, b (ameter 5 803pm, Beight 5r e step

D and after wwpﬁmAlﬂlleAamlBh witel nBa%h paeRink |(qt1mtﬂ mnmak@M)yrEh@M@Li sing 10

dinitrogen ted dir th the olefinjn step
. "The br o ABEH FTSRETERE ABY A df S depompresradoi Bon i Hn e ddont 1o a
process f orhknvaqstaatl 31§ Ca Ik étecrirzuitshobmgh rA et Aﬁp%() kg exfaiitnolicheergaare m xt ur e

used in step, been liquefied. 15 In principle,
D of the proégégggﬁcordlng to the invention to use

it
al |
for exantfl e ol efins having from2 to 18 carbon atons,

in

is possible in step
sui tabl e ol efins,

The gas mixture G-1 obtained from the first desorber is compressed again to 25 bar

and absorbed in nitrobenzene at 35°C in a second absorption column B1 (diameter
= 30 mm, height = 1800 mm, filled with a wire mesh packing (Kithni Rombopak
9M)). The N,O-laden nitrobenzene from B1 is then decompressed to 1.1 bar to a

20 flash vessel B2, likewise at 35°C. This results in gas mixture G-2. In the circuit
through B1 and B2, 25 kg/h of nitrobenzene are circulated.
Component G-0 [% by vol.] G-1 [% by vol.] G-2 [% by vol.]
N,O 8.1 57.2 86.5
N, 86.5 30.2 1.9
CO, 1.1 7.1 10.5
H,O 0.3 2.6 0.7
O, 3.1 1.9 0.2
NO, 13 vppm 32 vppm 50 vppm
Owing to the high concentration of N,O in the gas phase in apparatuses B1 and B2
25 and the presence of the combustible organic solvent nitrobenzene, these

apparatuses are critical from a safety point of view. In order to ensure safe

operation of stages Bl and B2, these would have to be designed so as to be

resistant to pressure surges at 1000 bar in order to survive ignition, which cannot
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particular olefins having from5 to 12 carbon atons. Suitable olefins are,
-for exanple, open-chain or cyclic olefins having one or nore doubl e bonds.
20 Preference is further given to cyclic olefins having one or nore double
bonds, for Msmlmeﬁgsdenmlfene, AK1008046576 CYCl ohaAR g0UB05T340/OCt ene,
cycl odecene, cycloundecene, cycl ododecene, 1, 4-cycl ohexadi ene,

1, 5-cycl ooct adi ene, 1,5- cycl ododecadi exe-or 1,5, 9-cycl ododecatriene. 25
Particul ar preference is given to using as the ol efin cycl opentene,

cycl ododece cl.ododecatriene. In a preferred enbodi nent, the

pr esent |nvghtl%HOUPﬁEBQngéPreIates to a process for preparing a ket one as
descri bed above, wherein the olefin is selected fromthe group consisting
of _cycl opentghcyie¥ClARNR6GAEor ANt fn Rirhex ke doeaRbih ERkesBidi%
invention WTT De irTustra nerernalrter Wt Tererence to exanpt es.

BO5/ 0466 BASE&Eﬂllengesellschaft AE20050466/rs PF 0000057340/rs -31-
EXAMPLES sExanpl e 1 (conparative exanple, double absorption/desorpttion in
nitrobenzene): 5 The offgas of a nitric acid plant which is operated with
the of fgas f fBgrsadigpiidric 2eid @lapt akichais wpewstadr Wit theapidgas figoanmdimioy vol une
of NO is figsd ia'h?%gd% sty QOISR B0 by folRRNQ RORYS firlh gelfiprm Xt ure
G 0 thus obtalned (2 IS _conpressed to”25 bar and absorbed 10 in
nltrobenzenemﬁf)g%%“il‘?ﬁl&ﬁ pe8%n colum Al (diameter = 80 mm height =
1800 mm filled with a wire nmesh packing (Kuhn Rombopak 9N®) The N20- | aden

ni trobenzene_from Al e ssed to 1.1 ba sh v ,
li kewi sel¥at %“Irﬂlxﬂ{% C%Brﬂg‘lﬁ‘?’ n&{) 1Sé’ﬁﬁlpﬁ&sse‘{2@0f§<8‘i‘rrﬁnafabﬁ‘? E’F‘ibenzene
are ci rcgl alheﬁltrob“eﬁz&i&e%ga‘scm&telsmm%éb hirﬂtdl‘@ﬂt n &g Midﬁﬂpl&llrégaﬁ@&grber IZ
conpr esse or in.nitrobenze i.n a secon
absor pti on ?ﬁ?&ﬁﬁﬂ@{ﬂkﬁ,g%gFgﬁgliqﬁﬁaﬁﬁsSAngWFCL(&gﬁﬁr Fﬁ hedl 8t h a

wi re nmesh pamiting G-Kuhn Ronbopak 9M ). The N20-1aden nitrobenzene from Bl
is then deconpressed to 1.1 bar to a

15  As above, the gas mixture G-1 is compressed to 25 bar and absorbed in water at
35°C in an absorption column B1 (diameter = 70 mm, height = 1800 mm, filled
with a wire mesh packing). In the circuit through B1 and B2, 112 kg/h of water are
circulated. The N,O-laden water from B1 is then decompressed to 1.1 bar in a flash
vessel B2, likewise at 35°C. This results in gas mixture G-2,

20
Component G-0 [% by vol.] G-1 [% by vol.] G-2 [% by vol.]
N,O0 8.1 58.0 81.6
N, 86.5 29.3 2.0
CO, 1.1 7.3 10.7
H,O 0.3 2.4 5.3
0, 3.1 1.9 0.3
NOx 13 vppm 2] vppm 30 vppm

When the water content is disregarded, the gas mixture G-2 has a very similar
composition to that in Example 1. Since, though, no organic solvent is present in
the second absorption/desorption stage, stages Bl and B2 are easily controllable

25 from a safety point of view. It is sufficient to design the plants for maximum
pressure 30 bar.

The process according to the invention thus offers a distinct economic advantage in
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20 flash vessel B2, likew se at 35C. This results in gas mxture G2. In the
.circuit through B 1 and B2, 25 kg/h of nitrobenzene are circul at ed.
Conmponent GO %b vol.] G1 %by vol. G2 %b vol. N20 8.1 57.2 86.5 N2
86.5 30.2 1.8AsFudlenkesellchisde 5 HALM030d66r 7 02 PHodogdsB4b/rsNO. 13
yppm 32 yppm 50 vppm ng to the high concentration of N20 in the gas phase
in apparatuses B |1 and B2 25 and the pggsence of the conbustible organic
sol vent nitrobenzene, these apparatuses are critical froma safety point of
view. In order .to ensure s tlon of and B2, these woul d
nave to be dRERTLGT BHeEe g st PUL e TP RO RCEE e eHEEs 1000 bar i n
order to survive ignition, which cannot B05/0466 BASF Akti engesell schaft
AE20050466/ rs PF 0000057340/rs -32- be ruled out, undamaged. Exanple 2
(absorption/desorption in nitrobenzene and absorption/desorption in water

5 The offgas of a nitric acid plant which is operated with the offgas from
an adipic acid plant and conprises about 1500 ppm by volune of NOx is first
freed of nitrogen oxides in a DeNOx stage. 10 The gas mixture GO thus
obtained (2 kg/h) is conpressed to 25 bar and absorbed in nitrobenzene at
35C in the sanme absorption colum as in Exanple 1. As above, the desorption
is effected at 1.1 bar and 35C in order to generate an identical gas

m xture G 1. 15 As above, the gas mxture G | is conpressed to 25 bar and
absorbed in water at 35C in an absorption colum 131 (diameter = 70 nm

hei ght = 1800 mm filled wth a wire nmesh packing). In the circuit through
Bl and B2, 112 kg/h of water are circulated. The N20-|aden water fromB 1
is then deconpressed to 1.1 bar in a flash
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vessel B2, likewise at 35C. This results in gas mxture G2. 20 G2 %b vol.
- Conmponent GO [%by vol.] G1 %b vol.] N20 8.1 58.0 81.6 N2 86.5 29.3 2.0
C2 1.1 7.3 10.7 H200.3 2.45.3 023.11.90.3 NX 13 ~Tprn 21 ~Tpm 30
vppm Wien t BASEAktiengestisehafts di SA®ZO05M66/she gas nPKt0O0803330/as a very
simlar conposition to that in Exanple 1. Since, though, no organic sol vent
Is present in the second absorption/ dééorptlon stage, stages B 1 and B2 are
easily controllable 25 froma safety point of view It is sufficient to
design the ng hi¥ked@Xi Mum pressure 30 bar. The process according to the
I nvention thus ?ers a distinct econom c advantage in BO05/ 0466 BASF

Akt i engesel | schaft AE20050466/ rs PF 0000057340/rs -33 the formof | ower

capi tal costs andy fgléﬁﬁ-ﬂ?,[n liRfurs8LEe rg(ﬁl;g; Hg;@{(ﬂé% BASF
Akt i engesel | schaft AE2005 466 rs 0000057340/ r 4- Is claimed is:
1. A process for ahleastcpmpgsing dhesfollowing #ers: 0 conpri si ng di n| trogen nonoxi de,

at | eastsconprising the follow ng steps 5 Al absorption of the gas m xture

GO0 in an organlc sol vent A2d tipn of as mxiure G1 fromthe | aden
organi ¢ sol vent ég £°t @&‘gf’%Pga@"fo Wohat er B2

desorption of a Q@ md&ﬁdipl@orﬁbf?a éefsqutlhe(} bdem thal®len ordddic solvent

Bl  absorption of the gas mixture G-1 in water
B2  desorption of a gas mixture G-2 from the laden water.

10

2. The process according to claim 1, wherein the gas mixture comprising

dinitrogen monoxide is the offgas of an adipic acid plant and/or of a
dodecanedicarboxylic acid plant and/or of a hydroxylamine plant and/or of
a nitric acid plant operated with the offgas of an adipic acid plant and/or of

15 a dodecanedicarboxylic acid plant and/or of a hydroxylamine plant.

3. The process according to either of claims 1 and 2, wherein the organic
solvent is selected from the group consisting of toluene, nitrobenzene,
1,2-dichlorobenzene, tetradecane and dimethyl phthalate.

20

4, The process according to any of claims 1 to 3, wherein the pressure in the

absorption in Al or Bl is in a range of from 10 to 35 bar.

5. The process according to any of claims 1 to 4, wherein steps Al and A2 or
25 steps B1 and B2 or steps Al and A2 and steps B1 and B2 are carried out in
a dividing wall column.

6. The process according to any of claims1 to 5, which additionally
comprises the step of
30
C adjusting the content of nitrogen oxides NOy in the gas mixture to at
most 0.5% by volume based on the total volume of the gas mixture.

7. The process according to any of claims 1 to 6, wherein step C is performed
35 before steps Al, A2, Bl and B2.
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2. The process according to claim1l1, wherein the gas m xture conpri sing
dinitrogen nonoxide is the offgas of an adipic acid plant and/or of a
dodecanedi car boxylic acid plant and/or of a hydroxylam ne plant and/or of a
nitric aci d BAShAaktieegeseBsthaftt h t hAEX0H46646 an adi pPF WODASTIMAAs and/ or of
15 a dodecanedi carboxylic acid plant and/or of a hydroxylam ne plant. 3. The
process according to either of clains -35and 2, wherein the organic solvent
is selected fromthe group consisting of toluene, nitrobenzene,

1, 2-di chl or obenzene, tetradecane and di nmethyl phthalate. 20 4. The process
accordl ng tg any of claims 1 to 3, wherein the pressure in the_ absorption
in Al or Bl %s irfhg Bras§e ae%ﬁms@mmf camsdy to 8, whepginths sesudting 3% di ng to
any of cl al ms 1 tRixfure OOEISiduefib@Ps Al and A2 or 25 steps Bl and B2 or
steps Al and A2 and steps Bl and B2 are carried out in a dividing wall
colum. 6. The process according to any of clains 1 to 5, which additionally

conprises tige stelmeooiseS& Eg%djmﬁ&mﬁgoﬂtﬂﬁamerwe@ r@ﬁes@law@mg t@xdmiest NO. i n
the gas mxturet at 5%.hy vol u on the total volune of the
gas mixture. . |5rtg3é"§§“8&§%7r%$ g’eéﬁ%—ﬁﬁf claims 1 to 6, wherein step
Cis perfor rred 35 before steps A, A2, Bl and B2. BO05/ 0466PC BASF

Akt i engesel | %cha AE200504.66/ 1S PF 0000057 40/1‘#5 The r ocess
accordi ng t any ST APrEcips tt%d??"m\?hg & g’s’lﬁlsf’ eﬁtﬁd i We G2 is
liquefied. 5 9. Toesisthe affcyelogerstem, xydock)dabirmmndﬂL.‘e9-hyclad¢ﬂeomﬁsm accordi ng
to any of claims 1 to 8 as an oxidizing agent for olefins. 10. The use
according to claim9, wherein the olefin is selected fromthe group

consi sting of cyclopentene, cyclododecene and 1,5, 9-cycl ododecatri ene.
BO5/ 0466PC
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